


i +207 
n Crud 
Hyder 
me ricar 


lington 
[168 
W elfare 
Progress 
Program 
Nationa 
» DA 
[166 
uropeal 
Growing 
ition fi 
Agency. 


Anima 
uarterly 
ustraliat 
ustralial 

[206 
1959-6 
}1.) [226 


—_ 
—— 


e London 


‘ost Office 





— Actas ld — ese 


- 


| 
| 
! 


4 
, 


——— 


a 


a 





NATURE 


No. 4791 SATURDAY, AUGUST 26, 1961 Vol, 191 


CONTENTS 


Page 
GOVERNMENT RESPONSIBILITY IN SCIENTIFIC RESEARCH AND DEVELOPMENT. 837 
SPEECH, HANDEDNESS AND CEREBRAL DOMINANCE. By Sir Russell Brain, Bart. 840 
BACKGROUND TO AsTRONOMY. By Dr. M. A. Hoskin ‘ , : ; 840 
CHEMICAL GENETICS. By Dr. Charlotte Auerbach, F.R.S. ; , 841 
Soviet Porar ResEARCH. By Dr. Terence Armstrong . . , . 841 
WEEDs IN Britain. By Dr. Alec Lazenby . : : . ' . 842 
PALZOGEOLOGICAL Maps. By Dr. C. Downie 4 , ; ‘ ‘ ; 842 
METABOLIC STABILITY OF Bopy ConstTITuENTS. By Dr. A. N. Davison and Dr. J. 
Dobbing . : 844 
Arrica’s First ScreNcE Museum. By Murray Schoonraad P ‘ j ‘ 848 
OBITUARIES : 
Pror. CAMILLE GUERIN. By Dr. Ian A. Galloway . , . 851 
Pror. R. M. Gorpvon, 0.B.E. By Prof. T. H. Davey, O. BE. . 3 . 852 
NEws AND VIEWS . ‘ ‘ ; ‘ . ‘ : : . ‘ 853 
RECENT ScreNnTIFIC INQUIRIES IN PARLIAMENT ' - ; : : 857 
Atomic ENERGY RESEARCH AND DEVELOPMENT IN BRITAIN ‘ 857 
THE British GELATINE AND GLUE RESEARCH AssocrIaATION. By Dr. D. A. Sutton 859 
RESEARCH BY SIxTH-Form ScHoo.Boys. By J. Heywood ‘ . ‘ . 860 
UNIVERSITIES CounciL FoR ADULT EDUCATION : : ; P 861 
MUSEUMS AND GALLERIES. By Dr. F.S. Wallis. , , . : , 862 
POPULATION MOVEMENTS AND MALARIA ERADICATION. ‘ : ‘ ’ 863 
POLLUTION FROM REFUSE Trips. By Nora H. Johnson . ; . : ; 864 
ToxicoLoey or Penicillium islandicum . . : ; . i ‘ 864 
ICSU REVIEW . . ; ‘ : : : 865 
ey AND X-Ray ANALysIs or DriaMonp. By H. LI. D. Pugh, J. Lees and 
. A. Bland ‘ 865 
ins FILTRATION OF Sra- WATER: SEPARATION OF FREE AND Bounp Forms OF 
VITAMIN B,,. By Dr. K. W. Daisley . , 868 
INFLUENCE OF MoIsTURE CHANGES ON DEFORMATION OF Woop UNDER Srress. 
By L. D. Armstrong and G. N. Christensen . 869 
DISTRIBUTION OF Isotopic NITROGEN IN NITROGEN Gas DURING DENITRIFICATION. 
By R. D. Hauck and D. R. Bouldin. A, i ‘ ‘ ; , ; 871 
Catctum METABOLISM IN Man witH CatciumM-45: MALABSORPTION SYNDROME 
AND EXUDATIVE ENTEROPATHY. By Dr. G. Milhaud and Dr. P. Vesin . 872 
Use or Raprorsorores rv BrotocicaAL Work IN BuRMA. By Dr. Maung Mya 
Thaung . , : ae : : 875 
A ComparIsON oF Cop AND Bovine INSULINS. " By Dr. S. Wilson and Dr. G. H. 
Dixon , ‘ 3 , ‘ : ‘ : 876 
INHIBITION BY OxyceN OF BrosyNTHESIS AND Activity oF NITRATE-REDUCTASE 
IN Aerobacter aerogenes. By Francis Pichinoty and Liliane d’Ornano . . 879 
CoMMON CARRIER SYSTEM FOR SuGAR TRANSPORT IN HuMAN Rep CELLS. By 
Dr. L. Lacko and Dr. M. Burger . : , : . ‘ 881 
STEROL REQUIREMENTS OF THE SILKWORM, Bombyx 1 mort. ‘By Dr. Toshio Ito . 882 
PATTERN OF PYRETHRIN-RESISTANCE IN Houser ies. By B. C. Fine . . 884 
ARTHROPOD TRANSMISSION OF MICRO-ORGANISMS. By Dr. John Macleod . 885 
PHYSIOLOGY AND PATHOGENESIS OF THE STEIN—-LEVENTHAL SYNDROME. By 
Dr. Virendra B. Mahesh and Dr. Robert B. Greenblatt 888 
EVALUATION OF QUANTAL NEUTRALIZATION Tests. By Prof. 8S. Fazekas ‘de St. 
Groth P 891 


INDUCTION OF TuMOURS BY PoLyoma VIRUs: ENHANCEMENT BY CHEMICAL 
AcEnts. By K. E. K. Rowson, F. J. C. Roe, J. K. Ball and Dr. M. H. Salaman 893 


(Continued overleaf) 


ir Ss 
vt a 


tT be 


‘eb bo 


eA SAN 


| 


Wwe bah ee 





celviii NATURE August 26, 1961 


The highest levels of accuracy and reliability ; 
are essential to the quality control service of the 
pharmaceutical industry. The Unicam SP.100 
Infrared Spectrophotometer provides more a 


> 


Anal: 


information in less time and with less effort—to Mag: 


UNICAM 





performance levels previously associated only A 
with research equipment built to specialist Oe 
specification. 

Detailed attention to operating systems anda Mole 


comprehensive monitoring routine allow even —_ 
the unskilled operator to achieve the AN 
outstanding performance offered by the SP.100. 


For information on how the SP.100 can help in Elect 


Lig 


your laboratory please write to: Unicam Bri 
R. 


Instruments Limited, York Street, Cambridge. Pr 
adl 


Ste 


SP.100 Infrared Spectrophotometer Non: 


Quan 
Inf 


=... — am en 


= i : 
es 








enn 







id 


ae 
f $a 


om [ 
7 
t SRN 












Photograph by permission : — 
of The Geigy Company Ltd. “ Con 

: : Dr. 

: 4 Respo 

regs 

| Chang 
tion 
and 
Stimul 


UNICAM INSTRUMENTS LTD + YORK STREET + CAMBRIDGE ben 








61 


f the 
10 


—to 








\GE 


LETTERS TO 


SPACE SCIENCE 


Analysis of Satellite Data.—Prof. D. G. Parkyn . 


PHYSICS 
Radicals 
Robert C. 


Spatial Distribution of Free 
Electron Spin Resonance.- 
S. J. Wyard P e " 

Magnetic Relaxation in _— netite and in its Solid 
Solutions with Manganese and Nickel Ferrites.- 
A. Braginski and Mlle. Th. Merceron 


as studied by 
Smith and 


Surface Waves in Anisotropic Elastic Media.—V. T. 


Buchwald and A. Davis 


CRYSTALLOGRAPHY 


Molecular Geometry of a 1:1 Crystalline Complex 
between 1,3,7,9- Tetramethyluric Acid and Pyrene. 
—F. De Santis, E. Giglio, Dr. A. M. earn and 
A. Ripamonti 


4 New Technique for the Production of Synthetic 
Corundum.—E. A. D. White ; ‘ 


RADIATION CHEMISTRY 


Electron Spin Resonance Absorptions induced by 
Light in Adsorbed Layers of Cyanine Dyes on Silver 
Bromide Microcrystals.—Dr. W. C. Needler, Dr. 
R. L. Griffith and Dr. W. West m ‘ . 

Radiolytic Oxidation of Ferrous Solutions with 


Standardized Internal Sources of Polonium-210.— 
J. Steyn and D. van As 


CHEMISTRY 
Cross-linking in lon-Exchange 
- Glueckauf and R. E. Watts 
Quantitative Analysis of Milk and other Emulsions by 
Infra-Red Absorption.— Dr. J. D. S. Goulden . 
Detection by Ionization of Atmospheric Gases during 
Analysis by Gas Chromatography.—Dr. Arthur Kar- 
men, Laura Giuffrida and Robert L. Bowman . 


Non-Uniformity -- 
Polymers.—Dr. F 


Effect of Ozone on the Fluorescence and Ultra-violet 
Absorption Spectra of 3,4 ne rene.—Z. Morlin 
and K. M. Saringer “l 


‘ . 
Supercontraction of Iodinated Wools.—O. A. Swane- 


poel 


BIOCHEMISTRY 
Identification of a Compound related to 6- Aminopeni- 


cillanic Acid, isolated from Culture Media of Pent- 
cillium chrysog jenum.—A. Ballio, Prof. E. B. Chain, 


F.R.S., Dentice di Accadia, M. Mauri, K. Rauer, 
M. J. Se hie singer and Sondra Schlesinger ‘ 
Action of Carbon Dioxide on 6-Aminopenicillanic Acid. 


—F.R. Batchelor, D. Gazzard and J. H. C. Nayler 


Extraction of Lipids from the Precursor of the Stylet- 
Sheath Material of a Pentatomid.—P. W. Miles 


A Selective Toxin produced by Periconia circinata.— 
R. P. Scheffer and R. B. Pringle . 


Formation of Phenethyl Alcohol and Tyrosol during 
Fermentation of a Synthetic Medium lac king Amino- 
acids.—R. Stevens 


Ultra-Violet we Spectra of Protei ins in Deuter- 
ium Oxide.—Dr. . Beaven and Miss Elizabeth 
Bailey 


Passive Transfer of Contact Sensitivity to P —_ 
Chloride - Guinea Pigs, with Subcellular Material.— 
Dr. J. L. Turk 


PHYSIOLOGY 
Inhibition by Physostigmine of the Increase of Oxygen 
Consumption induced by Potassium in Muscle.— 
Dr. Ivan Novotny and Frantisek V yskocil 


Response of the Labellar Hairs of the Blow fly, Phormia 
regina Meigen, to Protein.—D. I. Wallis . 


Changes in the Membrane during Recurrent Disinhibi- 
tion of Spinal Motoneurons.—Dr. Victor J. Wilson 
and Paul R. Burgess : 


Stimulation of the Heart of the Spinal Dog o - 
benzamine.—B. G. Benfey and D. R. Varma 





897 


SYS 


899 


900 


901 


902 


903 


904 


905 


906 


907 


908 


909 


910 


911 


912 


913 


914 


915 


916 


917 


918 


919 


THE EDITORS 


HAMATOLOGY 


Simonsen 
Warner 


Large Lymphocytes and_ the Phenome- 


non.—A. Szenberg and N. L. 
Influence of Serum Factors on the 


of Tissue i eee eae —Christine 
J. L. Stafford : 


Species-specificity 
Hawkey and 


PATHOLOGY 


Induction of Cancer in Suckled and Unsuckled Female 
Rats.—Prof. Giuliano Briziarelli ‘. ‘ 

Amino-Acid Composition of Serum Mucoprotein in 
Rheumatic Fever.—Prof. D. oe cS. BB. OM. 
Walker and D. Walker 

Effect of Calf Thymus Histone on Ra ats bes aring Trane- 
plantable Acute Myeloid Leukamia.—Dr. Lubomir 
Hnilica and Dr. Viktor Holoubek 


IMMUNOLOGY 


A Relation between the Reactivity of Human Red 
Cells to Antiglobulin Tests and their Surface Struc- 
ture.—Judith E. Davis, Prof. H. N. Green and 
Pamela W. Tymms 

HISTOCHEMISTRY 

Pigment Bodies of the 
Teleosts.—Prof. A. Stolk 

Nucleolar Localization of Succinic 
Normal Rat Hepatic Cells.—P. De, 
and Dr. S. Mitra 


Spinal Neurones of Some 
Dehydrogenase in 
R. Chatterjee 


MICROBIOLOGY 
Phosphate-dependent aq" of 
Valentine and Prof. R. S. Wolfe 
Use of Cellulose Acetate Facer ines for detecting Peni- 
cillinase- ; - rnc, Organisms.—Prof. R. Knox and 
J. T. Smith ° 


Urea.—R. C, 


BIOLOGY 
A Hypodermic Probe using Fibre Optics.—David F. 
Capellaro, Narinder S. Kapany and Dr. Charles Long 
Seasonal Fluctuations and Distribution of Nitrite in a 
Tropical West African Estuary.—J. C. D. Watts 
Diurnal Rhythm in Cave Crayfish.—Prof. Frank A. 
Brown . ° ° . ° 
Furunculosis in Lough Neagh Pollan Coregonus pallens, 
Thompson.—k. U. Vickers and R. McClean . 
An E — of Mechanical Co-ordination of Cilia.— 
Dr. M. A. Sleigh . 


A Method of replicating Dry or Moist Surfaces for 


Examination by Light Microscopy.—Joan Sampson 


ENTOMOLOGY 
Distribution of Acarapis woodi (Rennie).—Prof. J. E. 
Eckert ° ° . . ‘ . . 
Brain Hormone of the Silkworm, Bombya 
Mamori Ichikawa and Hironori Ishizaki . 


mor 1.— 


GENETICS 
Sterile Crosses between Mutations of 7vibolium con 
fusum Duv.—Prof. John Stanley : ; 
5-Methyltryptophan and Darkening of the Hair in 
Yellow Avia Mice.—Dr. Vivianne T. Nachmias 


Genetics of a Difference in the Male Genitalia of East 
and West African Stocks of Papilio dardanus (Lep.). 
—J. R. G. Turner, C. A. Clarke and P. M. Sheppard 


AGRICULTURE 
Plant Growth in Irradiated Soil.—G. D. 
A. D. Rovira : ; 


Assessing the Damage caused by Sateen rostochiensts 
Woll.—E. B. Brown . . ° 





Bowen and 


SOIL SCIENCE 
Role of Interparticle Forces in Development of Upper 
os Limit of Clays.—Dr. Raymond aaa and 
. T. Selig ° ° F ° ° ‘ 


aa Temperatures in Iceland.—Dr. Bjarni oe 


PSYCHOLOGY 
Perceptual Defence and Filter Theory.—Neville Moray 


920 


920 


921 


924 


926 


927 


929 


929 


930 


931 


932 


933 


933 


934 


934 


935 


938 
939 


940 






IWLLINATAN RAUEVATL 


bere 


wee eke mee 





cclx NATURE 





Shortly after a new soft drink came on the market it 
was discovered that the gas content was escaping. 
Quite why, was a problem for some time. The most 
likely reason was that the cork was not fitting properly 
—but how to find out? Douglas Lawson, F.I.B.P. 
photographed the tops of sound and unsound bottles 
of the soft drink with a } lb. piece of metal, ground to 
1/1000” flatness tolerance, across the top. The photo- 
macrographs on Kodak 0.250 Plates recorded gaps 
and bad finishing at the mouth of the bottles. You can 
see the difference between a good and bad bottle in 
the photographs — a good bottle is shown at the top 
with a bad one below. Another problem solved by 
photography and Kodak photographic materials. 
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GOVERNMENT RESPONSIBILITY IN SCIENTIFIC RESEARCH AND 
DEVELOPMENT 


HE rather rambling debate in the House of 
jai on July 10 on science was ostensibly 
concerned with the supply of services connected with 
science in the Civil Estimates for 1961-62, covering 
specifically the votes for the Office of the Minister for 
Science, Atomic Energy, the Department of Scientific 
and Industrial Research, the Ministry of Power, the 
Medical Research Council, the Agricultural Research 
Council, the Nature Conservancy, the Ministry 
of Education, the Scottish Education Department, 
and the universities and colleges, etc.. of Great 
Britain. It is perhaps worth noting that, although 


referred to in the debate, the Overseas Research 
Council was not specified in the motion, although 
Sir David Eccles in particular stressed the vital 


importance of contributing an adequate propor- 
tion of scientists and technologists to the under- 
developed countries. The debate, which was opened 


) by Mr. F. Peart, was, however, directed more specific- 


ally at the examination of Government scientific 
policy in general, and the adequacy of our present 
organization for determining priorities and formu- 
lating the policies needed to-day. 

Policies are inevitably determined by the political 
objectives which are regarded as desirable, and to 
that extent scientific policy and the strategy and 
tactics by which policy is executed are influenced also 
by politics. Provided, however, political considera- 
tions are not allowed to overrule or dominate the 
strictly scientific or technical issues or possibilities, 
that should not prevent a constructive approach in 
which party politics are subsidiary, or even the 
formulation of particular policies on which the 
support of all political parties can be assured. Some 
such issues were manifest in the debate itself, but 
unfortunately, from the outset, party politics were 
allowed to play a dominating part. Speaking for the 
Government, the Minister of Education, Sir David 
Eccles, and the Parliamentary Secretary for Science, 
Mr. Denzil Freeth, had little difficulty in dealing with 
the charge of complacency. In consequence, few 
constructive suggestions were made, apart from those 
in Sir Hugh Linstead’s sound and discerning speech, 
and the debate as a whole did little to explore the 
issues as to the relations between Government and 
science which were recently opened up in the con- 
cluding chapter of Sir Charles Snow’s book, Science 
and Government. If speakers were aware of the issues 
which arise out of the relations between the scientist 
and Government, they made little attempt to discuss 
them, and the debate merely directed attention to some 
but not all, of the problems which arise in this field 
and which require examination before adopting any 
more definite pattern, or the authoritative intervention 
in the direction of science which Mr. T. F. Peart advo- 
cated and which was also put forward in the Labour 
Party’s pamphlet, Science and the Future of Britain *. 


* Science and the Future of Britain. 
28. 


Pp. ii+ 46. 
Labour Party, 1961.) ‘ 


(London: The 


Broadly speaking, apart from seeking to sustain 
the charge of complacency brought by Mr. Peart, 
speakers from the Opposition were concerned to raise 
specific issues where greater effort appeared to be 
desirable rather than to elucidate the conditions 
which might promote greater understanding of the 
work of the scientist and the contribution of science 
in public affairs, or even more effective co-operation 
between the scientist and the administrator. Neither 
Government nor Opposition spokesmen for the most 
part noted that the contribution of a scientifically 
trained mind is a valuable and even a necessary 
corrective and check on the experience and intuition 
of the administrator; nor did they note Sir Frederick 
Brundrett’s observation, in the tradition of a remark 
of Rutherford’s that Sir Henry Tizard was wont to 
quote, that research does not flourish in an atmo- 
sphere of luxury but that it is best done when it has 
to justify itself. 

Sir Frederick’s remarks in the article which he 
contributed on “Government and Science’’ to the 
Journal of Public Administration some five years ago 
are entirely apposite to-day. and as worthy of note 
by participants in the recent debate as those of Sir 
Charles Snow in the book already noted. Sir Frederick 
was urging indeed greater support by the State for 
technology rather than for pure science, and pointing 
to the need which Sir Henry Tizard repeatedly 
emphasized for the effective use of existing know- 
ledge. He stressed also the importance of direct 
contact between the research worker and the user, 
and expressed the view that the results achieved in 
civil research are not commensurate with the effort 
expended. Sir Frederick thought, indeed, that in 
civil research we are not sufficiently critical of the 
need for research as opposed to the need for applying 
existing knowledge. He suggested that our defence 
organization had gone a long way towards finding 
a proper solution to the problem of the relation 
between scientist and government, because in 
that field the scientist had comparatively clear 
objectives and his place had been firmly established 
on the policy-making bodies. 

Recent moves by the Advisory Council for Scientific 
Policy have removed a little of the substance of some 
of Sir Frederick Brundrett’s criticism, but it is still 
probably true that the Advisory Council is not 
sufficiently supported at lower levels and that its 
membership could include administrators from ‘user’ 
Departments. It is interesting to note how much in 
line with Sir Frederick’s views are the conclusions 
reached by Sir Charles Snow. He emphasizes the 
importance of clear objectives and of an appropriate 
position within the structure of government, per- 
mitting of effective touch with working adminis- 
trators and serving officers—the users—and also with 
Ministers and the highest Civil servants. He specifies, 
too, powers of action, but that is in relation to 
a committee responsible for dealing with a con- 
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crete problem: on such a body as the Advisory 
Council for Scientific Policy he has no specific 
comment. though he wants scientists te be active 
in all levels clear 
Sir Frederick that 
tial contribution to make in the shaping of general 


of government, and is as as 


the scientific mind has an essen- 


policy. 

Sir Charles Snow may perhaps accept too readily 
the need for decisions, especially on technical matters, 
being made behind but that only 
underlines the importance of the problem, to which 
Sir Henry Tizard directed attention in his Haldane 
Memorial Lecture, of ensuring that most of our future 
if not all, shall have had a broad 


closed doors; 


administrators, 
scientific education. On one side, Sir Henry suggested, 
it may be recalled, forming a central scientific staff, 
engaged only on studying questions of policy, under 
the immediate direction of the Advisory Council, to 
which young scientists could be seconded for a year 
or two from the research establishments, to which 
they could be transferred back if they had not the 
necessary qualities for higher administration. On the 
other hand, Sir Henry lent the full weight of his 
experience and authority to any measures to ensure 
that had a 
education. Sir Frederick has more recently confirmed 
these views and stressed not only the need for the 


future administrators broad _ scientific 


administrator himself to possess sufficient scientific 
background to discriminate between the essential and 
non-essential elements in the scientifie aspects of 
a problem but equally for many departments to 
include a scientific component as a permanent 
measure. 

Sir Charles Snow's book was not overlooked in the 
Commons debate. Sir H. Legge-Bourke, stressing the 
point which Sir Charles Snow made about the contri- 
bution of foresight which scientists could make to our 
existential society. thought that this was one reason 
for increasing the number of those with scientific 
knowledge in the Civil Service who might not have 
any direct scientific responsibilities in most of their 
work. He was ready to support the argument for 
bringing in scientists at all levels of government. not 
to centralize the control of scientific policy, but rather 
to provide a bridge between the scientific and the 
political world and to lift our gaze to the horizons 
that lie ahead. It is essential. he believes, to ensure 
that at least one Minister has the time to view the 
whole field of national activity and to contrive ways 
of that Civil trade 


unionists, industrialists or others concerned are made 


ensuring Ministers, servants, 
aware of the need to consider the right scientific 
subject. For this reason he thought that the Minister 
should be the Minister for Science and not of Science. 
and he also urged that he should not disregard our 
national characteristics. 

Sir Harry Legge-Bourke came nearest to the expres- 
sion of the views of Snow as well as Brundrett and 
Tizard, but they also found some expression in Sir 
Hugh Linstead’s speech. Fully supporting the idea 
of a Minister for Science, he thought the Minister's 
primary duty should be not to run science but to 
foster and encourage it independently—so far as may 


NATURE 


VOL. 191 


August 26, 1961 


be possible—of the executive Government of the day 
Sir Hugh saw the Minister’s duty as being to define 
on the best advice he could get, the problems on 
which the resources of the country should be con. 
centrated, making certain that the fallow fields are 
cultivated, and that over-cultivated fields are allowed 
to lie fallow. He also believes that the best results 
would be obtained if the maximum use were made of 
instruments other than Government organizations, 
and although Sir Hugh referred to the use of project 
research, in which a Government Department financed 
resecrch undertaken by a university on a particular 
project, he was obviously unconvinced as to th 
soundness of this He the 
importance of the Minister and his staff following up 
by personal contact rather than directive or Minis. 
terial circular, and, having defined the framework 
allocated the the Minister 
zealous scientists 


technique. stressed 


responsibilities, 
the 


and 
should 
freedom. 
The Minister for Science has immense responsi- 
bilities; but, in urging that he would discharge those 


be to leave their 


be 


) ten 


responsibilities best by the least possible use of the , 


great power of his office and by the maximum possible 
use of its great influence, Sir Hugh took up a position 
much closer to that of Mr. Denzil Freeth in concluding 
the debate for the Government than to that of Mr. 
Peart in opening. The stress laid on the need for 
executive power on the part of the Minister and for 


a Scientific and Technical Planning Board, consisting , 


largely of scientists and largely replacing the existing 
Advisory Council on Scientific Policy, which new 
Board would become the chief instrument for co- 
ordinating scientific activity, is the direct opposite of 
the present system and likely to lead to bureaucracy 
rather than freedom. As Mr. Freeth pointed out. 
with the Advisory Council composed of 
scientists, industrialists and some official members, 


present 


there is no political element in the advice given, or 
reports to Parliament. Further, the 
Advisory Council makes scientific and not. political 
judgments, considering the scientific needs of the 
nation as it sees them, and leaving Parliament to be 
the judge of policy. Further, the concept of research 
councils on which this system is based stems from 
the fact that scientific judgments can only be mad 
by scientists, and the judgments on whether lines of 
research are worthy of public support are made by 
scientists familiar with the background of problems. 
The desirability of any project as part of the national. 


presentec 1, 


or international, picture of research is judged 
by leading scientists and expert laymen acting 
together. 


Mr. Freeth, who himself also stressed the point that 
money is not necessarily the limiting factor in research, 
stoutly defended the scientists on the Agricultural 
Research Council from the charges of indolence 
levelled at them in Science and the Future of Britain. 
He pointed out also the value of alternative sources 
of finance for the research worker, and quoted 
Prof. Herbert Butterfield in refutation of the idea 
that Government and society should take command 
over the sciences. The future will not allow itself to 
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end, and we should be careful to continue to value 
science even more than technology. The traditional 
urbanity of the Government in Britain in respect 
of university autonomy is of greater long-term 
importance than is often realized, and Prof. Butter- 
field maintains that a world that gives science the 
createst opportunity possible for autonomous de- 
velopment not only freedom now but 
also has the promise of more flexible development in 
the future. 

Prof. Butterfield, like Sir Hugh 
careful to reject the claim that the scientist—as 
scientist—should be allowed to govern. Science and 
technology in themselves are insufficient to teach 


posst ssses 


Linstead, was 


the wisdom necessary for steering the ship of state 
or choosing educational objectives, or even indicating 
the proper use of scientific achievements. That much 
is not implied in Sir Charles Snow’s emphasis on 
foresight: as Sir Hugh puts it, the scientist’s place 
in the political scheme of things is rather as a referee 
than a player. 

It would be unfair not to note that, in this highly 
constructive speech, Sir Hugh Linstead was also 
critical of the present balance of effort; but he 
lent no support to the view that because a certain 
amount was spent on the Agricultural Research 
Council or the Department of Scientific and Industrial 
Research, a certain amount must be spent on the 
Medical Research Council as well. He did not appear 
to dispute the Medical Research Council’s own view 
that its present £5 million or so is inadequate, in 
that no worth-while scheme for medical research is 
rejected for lack of funds. Moreover, although this 
view has, in fact, been challenged by Prof. A. Haddow, 
Sir Howard Florey has emphasized the excessive time 
which may have to be spent in applying for funds. 
How far this adequacy of funds is true of biological 
science in general may be another matter, but Sir 
Hugh certainly did not accept Mr. Peart’s choice of 
the Medical Research Council as an example of 
inadequate Government expenditure. He repeated 
that control of research and scientific effort in 
the universities and in the industry of Britain 
cannot be separated from control of the univer- 
sities and of industry, and that undue extension 
of the planning and direction of university and 
industrial activities might dry up the very springs 
of original research and development we sought to 
foster. 

As already noted, in opening the debate Mr. Peart 
had pleaded for the creation of a Scientific and 
Technical Planning Board, which he thought should 
be the main body to apply science in industry and 
to stimulate new activities, though he also urged 
greater use of the National Research Development 
Corporation, particularly in placing research or 
development contracts. An interesting speech by 
Mr. Aubrey Jones also advocated the adoption to 
some extent of the planning methods of the Soviet 
Union in science and technology, partly because of 
the present imperfection of communication in tech- 
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the most significant scientific and technological 
advances occur as a result of the marriage of scientific 
disciplines. Highly critical of the effectiveness of the 
research associations, he strongly advocated the use 
of civil development contracts, to be chosen deliber- 
ately and with strategy, so as to make industrial firms 
themselves more alert to research and development. 
He believes the old Ministry of Supply was a far 
better instrument for this purpose than the Depart- 
ment of Scientific and Industrial Research, and 
rejected outright the idea of extending the functions 
of the National Research Development Corporation 
to production. Instead, he would combine the Cor- 
poration with the industrial side of the Department 
of Scientific and Industrial Research, and make this 
the industrial and technological nucleus of the 
Ministry for Science. 

Mr. Freeth made no comment on this specific sug- 
gestion in concluding for the Government; and he 
also ignored what was probably the most justifiable 
criticism advanced by Opposition speakers, namely, 
the Government’s dilatoriness and parsimony in pro- 
viding some of the conditions for effective scientific 
work—a responsibility which in fact ali the post-war 
Governments share. Both Mr. 8. Irving and Mr. A. M. 
Skeffington strongly urged a more generous policy in 
regard to scientific information services, referring to 
the needs of both the National Lending Library for 
Science and Technology and of the National Reference 
Library for Science and Information. Doubts as to 
the adequacy of the building and plans for the latter 
were freely expressed at a meeting arranged by the 
Association of Special Libraries and Information 
Bureaux on May 9, and the assurances then given by 
Sir Frank Francis, director of the British Museum, 
were manifestly unable to remove those fears. The 
need for more vision and greater generosity in finance 
and buildings was well put in the debate in the House 
of Commons by both Mr. Irving and Mr. Skeffington, 
and although on balance scientists and technologists 
may well think that the Government came out of the 
debate rather better than the Opposition on this 
specific issue, they should lend the strongest possible 
support to the efforts now being made to secure an 
adequate expansion of the proposals for the new 
Reference Library at least. The case for a scientific 
and technical planning board was perhaps not estab- 
lished, but the need for a continuing review of the 
efficiency of the whole administrative structure for 
scientific and technological activities was fully sub- 
stantiated; this should include the supply of 
scientists and technologists, as well as technicians 
and craftsmen, the means of identifying areas calling 
for research and the fostering of those conditions 
which best encourage creative and effective work by 
the scientist. There is obviously still need for much 
constructive thought as to the relations between 
science and government, and the part the scientist, as 
such, should play, and the debate established a large 
measure of agreement among those who have thought 
deeply about the independent of party 
political lines. 
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SPEECH, HANDEDNESS AND 
CEREBRAL DOMINANCE 


Cerebral Dominance and Its Relation to Psycho- 
logical Function 

By Prof. O. L. Zangwill. (The Henderson Trust 

Lectures, No. 19.) Pp. vii+31. (Edinburgh and 

London : Oliver and Boyd, Ltd., 1960. Published 

for the William Ramsay Henderson Trust.) 10s. 6d. 

net. 


ROF. ZANGWILL’S book embodies the William 

Ramsay Henderson Trust lectures, and it is 
pleasant to note, though he never alludes to the fact, 
that the object of the Trust is: ““The advancement and 
diffusion of the science of phrenology”. It could 
be argued indeed that the phrenologists are still with 
us, for there are still plenty of people ready to locate 
supposed psychological faculties in particular areas 
of the brain. Indeed, the idea of cerebral dominance 
and handedness implies some form of localization, 
if only in respect of the cerebral hemispheres, and Prof. 
Zangwill’s object is to discover exactly what this 
means. The lectures are largely a summary of the 
work previously published by himself and his collabor- 
ators. As he frankly says, “these studies of speech 
and handedness unfortunately raise far more prob- 
lems than they solve’. Already, however, we must 
recognize that there is no clear-cut division into right- 
handed persons with a dominant left cerebral hemi- 
sphere and left-handers with a dominant right 
hemisphere. On the contrary, “in left-handed or 
predominantly left-handed patients, the dominant 
hemisphere as conventionally ascertained is more 
often the left than the right. Furthermore, left 
hemisphere dominance may even occur in sinistrals 
who have always written with the left hand”. This 
has certain implications for the study of aphasia, 
for there is now evidence that recovery from aphasia 
tends to be more complete in patients who are left- 
handed or who have left-handed relatives than in 
those who are fully right-handed, perhaps because 
unilateral specialization of the language functions 
in the brain appears to vary between individuals, 
being as a rule far more pronounced in right-handed 
than in left-handed subjects. 

Prof. Zangwill goes on to study the significance of 
these facts for the understanding of specific back- 
wardness in reading and spelling. In 75 per cent of 
his cases there is evidence of some sinistral tendency 
in the individual or in his family. Mixed or incon- 
sistent hand preference was common, and uncom 
plicated dextrality rare. He suggests, also, that so- 
called specific defects in reading and spelling are 
seldom present in isolation, and are commonly 
embedded in a more complex developmental syn- 
drome. 

For many years now evidence has been accumulat- 
ing that even in clear-cut right-handedness there are 
important differences of function between the right 
and left cerebral hemispheres, and that the left hemi- 
sphere, which is dominant in such people, is not 
merely a mirror image of the right with the addition 
of functions concerned with symbolic formulation 
and expression. Some independent evidence of this 
has recently been provided by studies of sensory 
disturbances after penetrating brain-wounds in man 
(Somato-sensory Changes after Penetrating Brain 
Wounds in Man, by J. Semmes, 8S. Weinstein, L. 
Ghent and H. L. Teuber, Oxford University Press). 
It has been found that sensation of the left hand is 
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more diffusely represented in the right cerebral hemi- 
sphere than is that of the right hand in the left. 
Similar observations have been made in many fields 
of discriminative activity. As yet these remain 
isolated observations, and we have not reached the 
stage at which any broad generalization can be 
inferred from them. Prof. Zangwill’s book is a useful 
summary of the present state of our knowledge of the 
relationship between speech, handedness and cerebral 
dominance. RvssELL Brain 


BACKGROUND TO ASTRONOMY 


The Fabric of the Heavens 

By Stephen Toulmin and June Goodfield. (Nuffield 
Foundation Unit for the History of Ideas. The 
Ancestry of Science, Vol. 1). Pp. 272+14 plates. 
(London: Hutchinson and Co. (Publishers), Ltd., 
1961.) 25s. net. 


ISTORY of science is at present expanding at 
university-level so rapidly that lectureships 
are sometimes left vacant for want of suitably trained 
lecturers to fill them. At school-level the subject 


is also expanding, but here another limiting factor } 


is the shortage of suitable books. 

The present work is that of a series which will do 
much towards alleviating the shortage. It is a 
survey of the interlinked history of astronomy and 
mechanics from earliest times to Newton, with a 
further outline bringing the story to the present day. 
It is to be followed in the next few months by no less 
than three more volumes, each dealing with a major 
field of history and philosophy of science. One might 
feel that a lifetime of teaching and research would 
alone qualify an author for attempting any one of 
these volumes, but there is a special urgency in 
history of science and a worthwhile place for general 
books which give some inkling of the excitement 
of the subject. 

This The Fabric of the Heavens certainly does. 
It is written with fluency and conviction, and the 
reader never loses interest. There are, however. 
many signs of the haste with which it was written— 
along with the relevant illustrations we find a photo- 
graph of the port of Pythagoreon and snapshots of a 
Greek temple taken from different angles—as well 
as a number of confusions and serious errors of fact. 
Thus the authors ascribe the discovery of the planet 
Uranus in 1781 to John Herschel (born 1792) and 
quote William Herschel (died 1822) as congratulating 
Bessel on his discovery of stellar parallax in 1837; 
yet a philosopher of science like Dr. Toulmin must 
know John Herschel’s 1830 Preliminary Discourse 
on the Study of Natural Philosophy, and in writing 
their promised The Flux of Nature the authors must 
surely be studying the cosmogony of William Herschel. 
Samuel Clarke, who in fact believed gravity to be a 
“connate and original law of all matter We 
ought no more to enquire how bodies gravitate than 
how the world began to move’”’ is described as protest- 
ing “that some push-and-bang mechanism must 
eventually be discovered for gravity”. Galileo, 
we are told, “did not study freely falling bodies 
directly”’. Copernicus’s elimination of the equant 
is discussed in the context of his general cosmology, 
although the question does not properly arise until 
we come to his detailed mathematical astronomy ; 
here the role of neo-Piatonism in Copernicus’s thought 
is hopelessly underrated, and although highly dispar- 
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ate issues are involved the authors consider **whether 
its gains outweigh its losses’’. 

These are but a few of the shortcomings of the 
hook, to which must be added the lack of balance 
which emphasizes the prehistory of the subject 
at the expense of its more recent history. There 
is much that is competently and excitingly written ; 
it is most regrettable that these qualities are not 
combined with the scholarship that has at last become 
usual in books on the history of science. 


M. A. HoskIn 


CHEMICAL GENETICS 


An Outline of Chemical Genetics 

By Prof. Bernard 8S. Strauss. Pp. ix+188. (Phila- 
delphia and London: W. B. Saunders Company, 
1960.) 35s. 


rT HIS book grew out of a series of lectures delivered 
| at the Faculty of Medicine in Osaka, Japan. It 
is meant as a brief account for scientists ‘“‘who have 
heard snatches of the recent developments in genetics 
and find them fascinating”. Its six chapters deal with: 
the genetic control of protein synthesis; the chemical 
nature of the hereditary material; the molecular 
meaning of genetic recombination; mutation as a 
chemical process; nucleo-cytoplasmic relationships ; 
the biochemical genetics of man. A book of this kind 
need not be profound or original, and this book is 
neither. On the other hand, it should be clear and 
readable. On the whole, this book is both. It is, 
indeed, quite unusually readable and conveys to the 
reader something of the pleasure the original audience 
must have felt in hearing an interesting subject 
treated with and enthusiasm. Especially, 
the first two chapters are excellent reviews of the 
more purely chemical aspects of modern genetical 


ease 


theory. 

In the treatment of strictly genetical questions 
clarity is less apparent. Dr. Strauss does nothing to 
destroy the superstition that formal genetics is an 
esoteric subject, difficult of approach even for scientifi- 
cally trained minds. A few introductory pages of 
precise definitions and statements should have been 
sufficient to lay the genetical ground for the remainder 
of the book. Instead of this, snippets of genetic 
information are scattered all through the text, with a 
singular choice of the complex rather than the simple. 
Mendel’s laws are nowhere explicitly stated, but 
several pages are devoted to the analysis of ordered 
tetrads in Neurospora. 

As stressed in the introduction, such a short account 
of a vast subject must necessarily be selective; 
equally necessarily, selection will be subjective. The 
that this may slant the overall picture 
is not always avoided. This is particularly appar- 
ent—at least to me—in the chapters on nucleo- 
cytoplasmic relationships (where research on Parame- 
cium is wholly disregarded), and on mutation. The 
latter deals almost exclusively with work on micro- 
organisms; yet even for these it is not correct to say 
that “selection methods are almost always part of 
any proce dure for the detection of mutations’. 
Formaldehyde, one of the most potent mutagens for 
Drosophila, is not mentioned. The ineffectiveness 
of purine-9-riboside in some experiments with 
bacteriophage is stressed; its high efficiency in the 
production of what appear to be point mutations in 
barley is not referred to. It is also scarcely fair to 


langer 
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imply that only our new concept of the nature of 
deoxyribonucleic acid has resulted in the realization 
that ‘‘mutation is a chemical process since it presents 
a definite structural change within a molecule’. 
Critical appraisal, too, is more apparent in the 
chemical sections than in the genetical ones, where 
tentative conclusions—such as lack of mutagen 
specificity for forward mutations—are too readily 
presented as established facts. One gets the impres- 
sion that the author is more at home in chemistry 
than in genetics and behaves like a well-bred foreigner 
who criticism for the institutions of his 
native land. However, to be equally at home in both 
fields is a rare distinction, and, in spite of its short- 
comings on the genetical side, this book can be recom- 
mended as an attractive and stimulating introduction 
to a subject that depends for development on close 
mutual understanding and co-operation between 
scientists of many branches. 
CHARLOTTE 
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SOVIET POLAR RESEARCH 
Problems of the North: No. I, 1958 


(Translation of ‘‘Problemy Severa’’). Translated 
December 1960. Pp. iii+ 376. (Translations Section. 
The Library, National Research Council, Ottawa. 
1960.) Subscription price per issue, 7 dollars; Single 
papers, 1 dollar. 


HE availability of Russian scientific literature 

in English translation has improved greatly in 
recent years. Scientists in some disciplines can now 
obtain cover-to-cover translations of the leading Soviet 
journals on their subject. The position is not as 
good as this in all fields, of course. One in which 
Soviet work is pre-eminent is that of polar studies. 
but here the research worker with no knowledge of 
Russian has had little help. There is thus good reason 
to welcome from Canada, the country which has fit- 
tingly been most active in preparing ad hoc transla- 
tions of this material, the first English language ver- 
sion of a Soviet polar journal. Problemy Severa, a 
product of the Council for the Study of Productive 
Forces of the Academy of Sciences of the U.S.S.R.., 
first appeared in 1958, and Problems of the North was 
published by the National Research Council in Ottawa 
in 1960. 

The Soviet journal, of which three issues have 
appeared up to now, has the widest range of its polar 
contemporaries in the U.S.S.R.: wider, even, than its 
title implies, because it does not exclude the south. 
In the first issue, papers are grouped under the 
headings oceanology, geography and geology, geo- 
physies, biology, economics, the north abroad, the 
Antarctic, and miscellaneous reports. The contribu- 
tions are claimed to be the results of original research, 
and this is true of most of them (although, following 
what practice, such 
results are often published several times over in 
different journals); but there are also a number of 
review articles. Certainly the papers in this volume 
hold much of interest to Western specialists: in 
particular, those on the movement of floating ice 
in the Arctic basin, the influence of sea-water tempera- 
tures in this connexion, polar wandering, the thawing 
process in frozen soil, the vegetation of northern 
Siberia at the time of the mammoth, wild life con- 
and Soviet economic organs functioning 
The two subsequent issues have con- 
No. 4 is not vet out. 
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although long expected, and the delay may be 
attributable to the transfer of the producing agency 
from the Academy to the State Economic Council. 
The English version has been done well, and for an 
undertaking of this sort the editors probably deserve 
as much credit as the translators. The 
half a dozen disciplines has been comprehensibly 
rendered, and although much of the 
the original remains, this is inevitable. The maps are 
well reproduced, and the half-tone illustrations are as 
One criticism 


good as the poor originals will permit. 
In a work 


of editorial policy must be made, however. 
so strongly geographical in tone, it is a pity that 
neither the transliteration nor the form of place- 
names is that used at the moment by government 
map-makers in the United Kingdom and the United 
States. The user who tries to locate a place in any 
official gazetteer or map may thus be in difficulties. 
TERENCE ARMSTRONG 


WEEDS IN BRITAIN 
Weeds and Aliens 


By Sir Edward Salisbury. Naturalist: a 


Pp. 384+ 16 


(The New 


Survey of British Natural History.) 
plates. (London: William Collins, Sons and Co.., 
Ltd., 1961.) 30s. net. 

N this book, the latest in the New Naturalist 


series, Sir Edward Salisbury discusses. in sixteen 
chapters, the weed flora of Britain. Not only does 
he interpret the nature of weeds, and describe 
diminishing and spreading species and their associa- 
tion with differing ecological conditions, but he also 
considers characteristics of individual species, reasons 
for their survival as weeds and, briefly, their control 
by herbicides. 

The author demonstrates clearly his unique know- 
ledge of weeds in general and British weeds in particu- 
lar. On many occasions, for example. in the genus 
Chenopodium, the reader is made aware of the 
several closely ailied species forming a related group 
of weeds, clear line-drawings helping to pinpoint 
diagnostic morphological differences. Data on the 
reproductive capacity of many species show unmis- 
takably the hallmark of Salisbury. 

The case for detailed studies of the life-history. 
ecology and physiology of weeds, both for academic 
interest and for their control, is argued persuasively. 
Especially pleasing is the emphasis placed on the need 
for investigations on factors affecting establishment 
of weeds, a field which, until recently. has had less 
than its share of attention. 

To substantiate his arguments, the author makes 
liberal use of interesting speculations, and logical 
deductions, not to mention, when available. up-to-date 
quantitative data. Indeed, the reader cannot fail 
to be stimulated by Salisbury’s dynamic approach 
to the study of weeds, but he is left with the know- 
ledge that much before the 
adaptation of weed species to characteristic situations 


research is necessary 
can be explained fully. 

\ disappointing feature of the book are the sections 
dealing with the association of weeds and specific 
conditions. Many are discussed 
in these chapters ; they are briefly described but there 
are few diagrams to help in their identification. 
Several, often isolated, facts are presented in the 
in some, but by no means 
control measures. 


ecological species 


consideration of species ; 
all, there are 


cases suggested 


NATURE 


jargon of 


wordiness of 


August 26, 1961 vo. :9; 


These latter do not fall into any systematic pattern, 
Indeed, chemical control measures seem to }y 
demonstrated empirically with few principles being 
expounded; for example, the author states that Pog 
annua is resistant to both 2-methy]-4-chlorophenoxy. 
acetic acid and dichlorophenoxyacetie acid. but so 
are all Gramineae, and the chapter on chemical 
control, as presented, is of doubtful value. 

There are a_ few surprising statements. For 
example, Salisbury considers Allium vineaie more a} 
grassland than an arable weed of heavy land. whik 
bare fallowing is scarcely its most effective contro] 
measure. Exception can be taken to the use of 
common plant names. Some, for example tinker. 
tailor grass. are not only unaccompanied by specific 
names but are far from common; others, for example 
hungerweed and mousetail grass, are much less widely 
used to describe Alopecurus myosuroides than the } 
unquoted synonyms blackgrass and slender foxtail. 

In spite of these criticisms the book, containing 
some 150 references covering many subjects. will be 
as thought-provoking to the research worker as it jis 
stimulating to the naturalist. ALEC LAZENBY 


PALAOGEOLOGICAL MAPS _ } 


Palzogeologic Maps 
By A. I. Levorsen. (A Series of Geology Texts.) 
Pp. viii+ 174. (San Francisco and London: W. H. 
Freeman and Company, 1960.) 43s. 


HIS stimulating book deals not only with paleo- 

geological maps in the strict sense but also with} 
paleostructural, palinspastic and ‘worm’s eye’ maps. | 
These maps are quite easy to construct if the strati-| 
graphical data are available; consequently _ the 
introductory chapters are short and the greater part 
of the book is devoted to their interpretation. To 
demonstrate the kind of information that can be} 
extracted from these maps, about one hundred have 
been selected of areas ranging in size from a few squaré 
miles to whole continents. The maps have been 
well chosen and are clearly reproduced, the accom-} 
panying explanations are lucid and the deductions 
logical. Among the numerous uses that the author 
lists for these maps, the important seem to 
be to distinguish between sedimentary and structural 
basins, to separate the structural effects of super- 
imposed fold movements, to locate buried outcrops 
and to indicate the sources of ancient sediments. In 
one section the principles are applied to the problem 
of continental drift and clearly point against th 
conventional reconstruction of Gondwanaland. 

It is disappointing to the British reader that by far 
the greater number of examples are chosen from 
North America. This is understandable in an Amer- 
can book, and in any event the technique is mor 
suited to areas that have not been strongly folded. 
Nevertheless, of several good palzogeological maps } 
published of British areas, the author selects only 
Buckman’s map of the Cotteswolds, probably the 
first of all such maps. It is, evident, however that 
much more could be done in Britain along the lines 


most 


developed in the book—perhaps with surprising 
results. 
Study of the maps presented should provide 


excellent exercise for students at all stages and they 
are fortunately arranged in a graduated series. Theit 
full appreciation requires an understanding of the | 
four-dimensional scope of geology. C. Downie 
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Commonwealth Universities Yearbook 1961 

A Directory of the Universities of the British Common- 
wealth and the Handbook of their Association. Pp. 
xxxi~— 1590. (London: Association of Universities 
of the British Commonwealth, 1961.) 84s.; 13 
dollars. 


rTHIS edition of the Commonwealth 
| Yearbook is the thirty-eighth since it was first 
published in 1914. The Association of Universities 
of the British Commonwealth, which is responsible 
for the compilation of this directory, feels that 


Universities 


“it should not only cover the principal features of 


each university but should also give accurate and 
up-to-date lists of members of the university teaching 
profession in each country of the Commonwealth”. 
In 1.590 pages. including an index of more than 
40.000 names, it does that and more, since it includes 
the universities in the Republic of Ireland, which 
are not actually in legal membership of the Associa- 
tion. 

The continued expansion of systems for higher 
education has necessitated an 80-page increase in 
the length of this book as compared with its pre- 
decessor, and three new University Colleges (Fourah 
Bay College, the University College of Sierra Leone ; 
the University of Nigeria at Nsukka ; and the Univer- 
sity College of Sussex) have been introduced this 
year. 

‘In the preface, the editors state that due to a 
great deal of staff movement among local universities, 
and from one country of the Commonwealth to 
another, it is only by constant and complete revision 


that these lists can be made to serve the purpose of 


identifying particular teachers and research workers. 
However, the introduction in this issue of some notes 
on academic salaries, giving salary scales for different 
grades of staff at the various uni, ersities, may only 
serve to make the editors’ task even more onerous in 
the future. 


Journal of Helminthology 
Supplement in Honour of R. T. Leiper on the occasion 
of nis 80th Birthday, 1961. Pp. xxii+229. (London: 
London School of Hygiene and Tropical Medicine. 
1961.) 30s. 

HE eightieth birthday of Prof. R. T. Leiper, 

emeritus professor of helminthology in the 
University of London, has been celebrated by the issue 
by the Journal of Helminthology of this special supple- 
ment. The knowledge that Prof. Leiper is still actively 
at work will bring pleasure not only to the many 
biologists and medical men who have worked with 
him or have otherwise benefited from his kindly 
interest and help but also to many others who know 
or have admired his outstanding contributions to 
biology and medicine. These are discussed in this 
volume by Sir Philip Manson-Bahr. the late Sir 
lan Clunies-Ross, Prof. B. G. Peters and Prof. 
T. W. M. Cameron. These contributions are so well 
known to parasitologists all over the world that they 
need no further comment here. Prof. J. J. C. Buckley 
and Dr. L. M. Russell write of Prof. Leiper’s other 
activities, epitomized by his membership, or honorary 
membership, of many scientific societies and Govern- 
ment bodies, and of his long association with the 
London School of Hygiene and Tropical Medicine 
and the part he played in its development. A feature 
of this volume which will interest many is the record, 
covering eight pages. of the signatures of many of 
Prof. Leiper’s pupils and associates. It will, one 
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hopes, be a major source of satisfaction to Prof. 
Leiper that he has, as this record shows, taken, 
in one way or another, so many distinguished scien- 
tists under his wing; and the student of what is 
called graphology will no doubt find in these eight 
pages much to interest him and perhaps to refute the 
confident pronouncements in those engaging books 
which profess to deduce our characters from our 
battles with such pens as modern industry provides. 

The rest of this interesting volume is occupied by 
29 original papers contributed by leading parasitolo- 
gists of many countries. so that the volume is, in 
addition to being a tribute to Prof. Leiper, an impor- 
tant issue of the Journal of Helminthology. 

Prof. Leiper’s appointment. on his eightieth 
birthday, as active consultant helminthologist to the 
Commonwealth Bureau of Helminthology, which he 
directed so efficiently for thirty years until his 
retirement in 1958, will ensure, all parasitologists 
will hope, that the highly experienced staff of this 
organization will be able to continue the invaluable 
work on which parasitology all over the world has for 
so long relied. No other Commonwealth organization 


could do this essential work so well. G. LAPAGE 

Stochastic Population Models in Ecology and 
Epidemiology 

By Prof. M. 8. Bartlett. (Methuen’s Monographs on 

Applied Probability and Statistics.) Pp. x+90. 

(London: Methuen and Co., Ltd.; New York: John 


Wiley and Sons, Inc., 1960.) 12s. 6d. net. 
YT HIS small book by Prof. Bartlett is the fourth in 
the series of Methuen Monographs on Applied 
Probability and Statistics (edited by Prof. Bartlett), 
the series as a whole being intended to provide 
inexpensive introductions to the rapidly expanding 
field of applied probability and statistics. The book 
concerns itself with probabilistic models as they may 
be encountered in ecology and epidemiology, and 
does not attempt to deal with the extensive applica- 
tions of probability in genetics. A sound basic 
knowledge of probability is certainly a necessity to 
appreciate the ideas discussed. 

There is an introductory chapter dealing with the 
role of statistical theory in biology and the relevance 
and prognostic value of stochastic models. The next 
chapter deals with some of the well-known statistical 
distributions (Poisson, negative binomial, logarith- 
mic) which are set up through probabilistic continuity 
arguments, and introduces basic ideas to encompass 
spatial distributions. The middle chapters are 
concerned with deterministic and stochastic models 
for the period to extinction (or equilibrium state) in 
populations subject to ‘birth-and-death’ processes and 
in which there may be competition. consideration 
being given to continuous and discrete mechanisms. 
The closing chapters give an account of models for 
recurrent spidemics. including the case where the 
spatial aspect is important and relevant. The basic 
stochastic models are in general complicated: never- 
theless some assessments of the average association 
between weekly notifications and time to extinction 
are given in the case of measles epidemics. 

The printing is good, the format is attractive and 
the price is reasonable. 

A good deal of the monograph impinges on research 
which has been carried out in the past few years, a 
large share of this being due to Bartlett. It should be 
of considerable interest to ecologists and biologists, 
and there can be little doubt that every serious 
student of statistics should possess a copy. 
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METABOLIC STABILITY OF BODY CONSTITUENTS 
By Dr. A. N. DAVISON 


Department of Biochemistry, Guy’s Hospital Medical School, London, S.E./ 


AND 


Dr. J. DOBBING 


Department of Physiology, London Hospital Medical College, London, E.| 


HIS article is concerned with an appraisal of 


some modern views on the collective metabolism 
of body constituents in vivo. Many of these ideas have 
already been expressed by other authors'-‘, particu- 
larly in the field of protein metabolism, and will be 
to that extent familiar. However, acceptance of the 
concept of metabolic heterogeneity has not always 
been accompanied by an appreciation of the influence 
of such ideas on the design of experiments. For this 
reason it was decided to state a simple working 
hypothesis, embracing the metabolism of body con 
stituents as a whole, and to stress its influence on both 
the design and interpretation of metabolic experi- 
ments 7n vivo. 

The widespread use of isotopes in biological 
research, which began rather more than twenty years 
ago, led to the demonstration of a number of impor- 
tant phenomena which had hitherto remained un- 
detected by classical methods. Among these, perhaps 
the most striking was the discovery of the dynamic 
state of body constituents, prominently expounded by 
Schoenheimer®. Until this time, the metabolism of 
body constituents was generally thought to be divi- 
sible into two groups in the sense (for example) of 
the hypothesis of Folin® for the metabolism of proteins. 
Body constituents were either to be considered as 
structural, and therefore stable, or metabolic fuel, 
and therefore labile. Added to this was the concept 
of ‘wear and tear’ on structure accounting for a 
relatively small loss from this source and an equally 
small replacement. The storage of some energy 
sources in depots was also appreciated. 

With the use of isotopes came the demonstration 
that even the constituents of some anatomical 
structures appeared to be in an extraordinarily rapid 
and free dynamic state. Constant rapid synthesis 
and degradation was postulated as the means by 
which body structure was held in its apparently 
static state, and even in such conditions as starvation, 
when the relative failure of the synthetic side of the 
equilibrium resulted in net loss of body substance, 
there was still demonstrable synthesis taking place. 

These new revelations led to a general rejection of 
the older views in favour of the more acceptable 
hypothesis that the apparent heterogeneity of behavi- 
our of body tissues concealed a hitherto unsuspected 


activity in all of them. In metabolic terms, this 
meant both structural constituents and ‘fuel’ were 
undergoing dynamic metabolism. The ‘fuels’ were 


as labile as had always been thought, but there was 
also a similar lability of the components of anatomical 
structure. Research workers began to base their 
thinking and the design of their experiments on the 
assumption of the dynamic state of all body constitu- 


ents. In the field of experimental pathology it 
was widely suspected that the degeneration of 
structure in such degenerative conditions as, for 


example, disseminated sclerosis, might be the result 
of an imbalance of the equilibrium. Such assumptions 


have profoundly affected the direction taken by many 
experimentalists in their investigations. 

However, even from the earliest times in the history 
of metabolic work using isotopes, there have been 
results which have challenged the simplicity of the 
new idea. Almost from the outset it was realized that } 
although bone calcium and phosphorus were to a 
large extent in equilibrium with the body fluids, 
there was nevertheless a proportion of bone constitu- 
ents which was apparently metabolically inert’. 
This inertness did not depend on the nature of the 
substance, since both calcium and phosphorus were 
at the same time labile and stable in the same tissue. 
It was therefore assumed that the observed degree of 
stability represented those constituents which were 
buried deep in the apatite crystals and were, for these 
mechanical reasons, inaccessible to the blood stream. 
In other tissues, notably in the case of muscle protein, 
collagen and later of deoxyribonucleic acid in some 
situations, it gradually became clear that the lability 
of body constituents was not uniform and that some 
of them ‘turned over’ much more slowly than others. 5 
The important results of Thompson and Ballou'| 
appearing under the title of “The Predominantly) 
Non-Dynamic State of Body Constituents’’, sum- 
marized a growing impression that there was a con- 
siderable range of rates of metabolic activity through- 
out the body. It was even suggested that in the} 
unique case of collagen, the constituent proteins were 
turning over so slowly that their biological half-life; 
exceeded the life-span of the animal. 

As a result of these observations it became clear) 
not only that the metabolic activity of body constitu- 
ents was heterogeneous, but also that the different 
organs were themselves heterogeneous in the relativé 
proportions of highly active and less highly active 
components they contained. The liver was the best 
example of a tissue which was predominantly highly 
labile; tendon was at the opposite end of the scale, 
consisting, it was suggested, predominantly of } 
materials which turn over very slowly; and all other 
tissues and organs could be arranged in order between 
these two according to the proportion of their con- 
stituents which were stable. 

The very important question now arises whether 
there are body constituents which can be demon- 
strated to be absolutely inert and have no metabolic 
activity whatever. This state of complete inertness 
could possibly be suspected in collagen, at least in 
some parts of the body, both from the experimental 
evidence already available and from the very nature 
of the tissue and its relatively poor blood supply. 
However, the evidence for absolute inertness is in 
fact just as good for deoxyribonucleic acid even in 
such relatively active tissues as liver*:*, and this 13 
altogether more unexpected on the basis of the older 
hypotheses. 

It is also important that the degree of metabolic 
stability should be considered in relation to the 
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duration and conditions of any particular experiment. 


No. 4791 


‘Thus, in a 4-hr. experiment, a given constituent or 


some proportion of it with a biological half-life of 
months is relatively stable; whereas in an experiment 
extending over a year the same constituent may be 
regarded as metabolically active. While absolute 
metabolic inertness is admittedly extremely difficult 
to demonstrate, such stability would have an 


| extremely important influence on the design and 
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interpretation of metabolic experiments. This 
article is therefore concerned with stating a working 
hypothesis which assumes an infinite heterogeneity 
in the metabolic activities of body constituents, 
amounting to complete and absolute inactivity of 
some of them; and in the application of this hypo- 
thesis to some recent observations on metabolic 
behaviour in vivo. It will be convenient to enunciate 
its main features and some of its implications in 
general terms before proceeding to discuss some of the 
evidence in its favour. 


Hypothesis of Infinite Metabolic Heterogeneity 

The basic principles of the hypothesis are as 
follows: 

(1) The metabolic behaviour of all tissue constitu- 
ents can be arbitrarily divided into two main types, 
present in varying proportion. These are the non- 
structural components involved in metabolic processes 
on one hand, and structural components on the other. 

(2) The first group, henceforth referred to as the 
metabolic constituents, are heterogeneous with 
respect to their metabolic activities. There is a very 
wide range of turn-over rates to be found among 
them. Some of the shorter half-lives may be even 
shorter than can be measured by contemporary 
techniques; and some of the less-active members of 
the group are turning over so slowly that, for all 
practical purposes relative to the life-span of the 
animal, they may merge imperceptibly with the 
members of the second, absolutely stable group. 

(3) The factors that decide to which group any 
given substance belongs in any particular tissue are 
only in a very limited sense dependent on the chemical 
identity and properties of that substance. Indeed, 
the same substance can belong, in varying proportion, 
to both groups in the same tissue. 

(4) The relative proportions in which a single 
chemical substance is distributed between the two 
main compartments in any tissue will be decided by 
such factors as the nature and function of the tissue, 
its state of maturity, and its metabolic state which 
may vary considerably from time to time even in the 
adult animal. The chemical properties of a substance 
may often play a subordinate part in influencing this 
differential distribution. 

If this hypothesis be accepted, a number of impor- 
tant consequences emerge, and these will now be 
discussed. 


Consequences of the Hypothesis 


The structural constituents in these terms will 
never exhibit any metabolic activity. They will be 
built up in incremental fashion into anatomical 
structure during the process of growth, and, once 
meorporated, will remain in that structure as long 
as it survives. This aspect of complete metabolic 
stability must be considered on a sub-cellular plane 
at first, but in those tissues such as the central nervous 
system, consisting of cells which are not normally 
renewed during adult life, there is likely to appear 





NATURE 845 


some complete stability at the higher tissue-level. 
Even the most labile epithelial cell which is constantly 
being lost and renewed contains structural com- 
ponents which are absolutely stable within the life- 
time of that cell. The impression of turn-over of 
structural components of such labile whole tissues 
will be spurious and will simply represent the rate 
of loss and regeneration of cells which in the above 
sense contain stable structure. 

Structural stability would, according to this 
hypothesis, be absolute at all times, even during 
the course of incremental growth. In those cells 
and tissues which develop over an extended period 
of time each molecule, as it is laid down in structure, 
would be permanent and stable, its persistence 
there only being restricted by the survival-time of 
the structure concerned. The principal effect of 
growth will be on the relative sizes of the metabolic 
and structural compartments, and it may even be 
incorrect to consider growing tissues as exhibiting 
greater turn-over (see below). 

Structural metabolic stability will be determined 
only in a limited sense by the intracellular or extra- 
cellular location of the anatomical unit concerned. 
While it may be true that extracellular matrices such 
as collagen, inorganic and organic matrix of bone and 
myelin sheaths are likely to be metabolically stable 
because of their extracellular position, and while 
intracellular, cytoplasmic constituents may be largely 
members of the metabolically active functional 
compartment, nevertheless important exceptions 
make it necessary to avoid such misleading concepts 
as are implied in the expressions ‘extracellular struc- 
ture’ and ‘intracellular fuel’. The apparent stability 
of deoxyribonucleic acid and the obvious lability of 
many constituents of body fluids are the most notable 
exceptions. 


Growing Tissues 


One important application of this hypothesis 
concerns the widely held belief that the turn-over of 
body constituents is faster in developing animals 
than in the adult. It is well known that many body 
constituents appear to turn over to a greater extent 
in young developing tissues than in the adult when 
turn-over times are calculated from rates of uptake of 
precursor. However, it is possible that this apparently 
greater turn-over may only reflect the influence 
of incremental growth on the total uptake of a sub- 
stance, a factor which may play no part in the total 
uptake into mature, fully developed tissues. In the 
case of such substances as phosphate, for example, 
which play a prominent part in both labile metabolism 
and permanent structure, it is clear that some of the 
high total uptake into some developing tissues may be 
ascribed to incremental growth of a structural com- 
partment which, as it is laid down, may thereafter 
remain inert. This is not to deny the possibility of 
increased turn-over in the metabolically labile com- 
partments of young animals; but any claim that 
young tissues have a more active metabolism than 
old tissues must take the influence of this increasing 
size of the structural compartment into account. 

The theoretical criteria which must be satisfied 
before turn-over times may be calculated from rates 
of uptake of precursor into product have been 
appreciated for many years'®-!*, but this has not 
prevented their unfortunate and imprecise applica- 
tion to highly complex biological systems, in which 
such rigid criteria can rarely be satisfied. If the entry 
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of a metabolite into a developing tissue be considered 
partly in terms of entry into inert structure and partly 
into a labile metabolic compartment. it is clear that 
no valid estimation of turn-over rates will be possible 
by extrapolation of rates of total uptake. The 
assumption by some workers that, following a single 
dose, the rate of loss from a tissue will be a mirror 
of the rate of entry. is often unwarranted, 
since it implies metabolic homogeneity of that sub- 
stance in the Furthermore, any results in 
terms of specific activity are inevitably misleading. 
This is due the fact that the specific activity 
expresses radioactivity per unit weight, including 
metabolically inert as well as labile substance in the 
denominator of the expression. The specific activity 


linage 


tissue. 


to 


is therefore reduced or ‘diluted’ by any quantity of 


metabolically inert material present. The specific 
activity will be diluted to a varying extent, changing 
especially during development, and this will greatly 
complicate comparisons of old and young. The same 


artefact of expression will also have the effect of 


depressing the apparent rate of entry into tissues. 
and the greater the size of the inert compartment 
(as in the adult), the greater will be the apparent 
depression of these rates of entry. This point also 
has important general implications for work 
blood-tissue relationships such as the ‘blood-brain 
barrier’'’, in tissues where the proportion of inert 
constituents is high. 

Before leaving the topie of the complicated meta- 
bolic differences between old and young tissues, it 
must be stressed that there are circumstances in 
many adult tissues which are analogous to those in 
the developing animal. Cells were originally classified 
by Bizzozero on the basis of the degree to which 
they have preserved the power to divide by mitosis 
into post-natal life. “Labile’ cells, which normally 
continue to multiply, and ‘stable’ cells which retain 
the capacity for mitotic division are to be distinguished 
from ‘permanent’ cells which lose this ability at about 
the time of birth. Tissues containing cells of the 
first two types are likely to show an apparent meta- 
bolic activity on the part of their structural com- 
ponents which may simply be due to the loss of whole 
cells and their replacement by regeneration. Inas- 
much as regeneration is taking place in a tissue, to 


on 


this extent there will be an apparent turnover of 


structural components. The structural constituents 
of the cells concerned will, on the basis of the present 
hypothesis, be metabolically inert, the inertness being 
limited only by the life span of the unit to which 
they belong. A special example of this is to be found 
in the proteins of the evanescent red cell'*:'5. There 
is, in this way, a metabolic analogy between regenerat- 
ing tissue, normal or otherwise, neoplastic tissue and 
the normal developing animal. The truth of the 
analogy is often obscured by a failure to appreciate 
its basis in the varying life-span of morphological 
structure. 


Implications for the Design of Metabolic 
Experiments 

If the above hypothesis and its theoretical implica- 
tions be accepted. it must follow that metabolically 
inert morphological structure can only be labelled 
during the course of its growth and development. 
either in the developing animal, or. in the case of 
regenerating tissues, during regeneration. In the 
case of the central nervous system, for example. the 
structural compartment presumably consists mainly 


NATURE 


August 26, 1961 vows: 


of the myelin sheaths, and these must therefore be 
labelled in the course of myelination or not at all, 
The period of development during which inert 
structure can be labelled naturally depends on the 
tissue and on the species. 

Incorporation of ealcium, which is to become part 
of the inaccessible calcium compartment of adult 
bone, will occur only during the development of that 
compartment. Moreover, in the adult rat. the 
epiphyses of which never fuse, and the skeleton of} 
which is therefore always ‘developing’, a different 
general picture will be seen from that in the human 
and other species which normally achieve a state of 
maturity in which there is little further incremental 
growth. The process of remodelling of adult bone 
blurs the distinction, and a new situation analogous 
to early development arises during repair. It is 
not known to what extent normally inert caleium | 
leaves the skeleton under the many disturbed meta. 
bolie conditions of decalcification becaure, at present, 
experimental methods have not successfully 
tinguished in this case between inert and labile com- 
partments. 

Myelination of the rat central nervous system begins 
about ten days after birth, and is virtually over when 
the animal is seven weeks old; thus it is only during 
this period that labelled substances can be incor. 
porated into the lipids and protein which make up 
the sheath. The baby guinea pig is virtually fully 
myelinated at birth, and similar incorporation in 
this species could only be accomplished in the fcetus. 
However, the situation is greatly comp!icated by the 
fact that constituents of the myelin sheath are not 
unique to that structure, and none is known which } 
does not to some extent also take part in the metabolic 
activities of the brain. Therefore, although myelin 
may be labelled during myelination. every label will 
to some extent also enter the metabolic compartment; 
and until sufficient time has elapsed to allow the 
dynamic turnover to dispose of this labile portion, 
the extent to which label is meorporated into inert 
structure will be obscured. The length of time re-! 
quired to lose cholesterol labelled with carbon-14 and 
phospholipids labelled with phosphorus-32 from the? 
metabolic compartment of the brain following single- 
dose administration during early life is at least five 
months after injection, and it is not until this labile 
material has disappeared from the total radioactivity 
that the metabolic inertness of the labelled structure is 
revealed. 

Since experiments are usually performed on adult 
tissues, and for much shorter periods than this, it is 
not surprising that direct labelling of inert structure 
has only recently been demonstrated. Metabolic 
inertness can, however, be inferred or suspected in 
much shorter experiments from the failure to label 
such structures these in adult Since 
nearly all the cholesterol in adult brain is in meta- 
bolically inert structure, it has been suspected for a 
long time that the failure of labelled cholesterol (or 
of labelled precursors) to enter adult brain might be 
due to the metabolic stability of this lipid in this 
organ. However, widespread misconceptions over the 
nature of the ‘blood-brain barrier’ were more readily 
available as an explanation, and it required the 
direct demonstration of inertness by means of the 
long-term experimental design mentioned above to 
provide the first direct evidence. Recently. it has 
been demonstrated that cholesterol labelled with 
carbon-14, given either as the intact lipid'® or as 4 
suitable precursor'®. can indeed be incorporated in 
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iThis labelled cholesterol undergoes very slow turn- 
over and on the basis of the present hypothesis may 
be taken to represent a small pool of metabolicaliy 
active cholesterol. 
course. only one example of a structural constituent 
of a tissue the inertness of which has been demon- 
strated by an experimental design of this kind. 
Other examples include the bone minerals’:*°, deoxy- 
ribonucleic acid in non-dividing cells*:*, the glycine 
incorporated into collagen*! and some of the structural 
proteins in muscle??, 


Single-dose Experiments 

Experiments involving the single-dose administra- 
tion of a precursor of a tissue constituent during the 
that tissue’s development produce the 
The values of the 
ordinate are better expressed in terms of the anatomi- 
cal unit when growing animals are being used, a 
device which avoids complications of the single-dose 
experiment due to incremental growth progressively 
diluting the labelled constituent. The fate of injected 
precursor can be considered in two phases. During 
the first (phase A), the gradual incorporation into a 
structural compartment is added to the amount 
taken up more rapidly into the metabolic compart- 
ment. The latter, however. has a finite biological 
half-life. and towards the end of phase A most of it 
has been lost. It is not until this loss is virtually 
complete that the structural, metabolically stable 
material is revealed (phase B). In most cases, phase 
{ lasts several months. The two phases must also 
overlap considerably for a very long time. during 
which interpretation will be exceedingly difficult. 
Asemilog plot helps to distinguish some of the grossly 
different components of the curve and could in some 
circumstances also lead to an estimate of compartment 
size’, 

It can also be seen that a mean turnover-rate in a 


heterogeneous system calculated only from rates of 


uptake is likely to be meaningless and often mislead- 
ing. Metabolism can then only be properly investi- 
gated by prolonging the experiment to describe 
directly the rate of loss as well as the rate of incor- 
poration. There is virtually always a serious restric- 
tion, therefore, on the value of in vitro experiments 
for these purposes. Even when the ‘surviving’ tissues 
are from adults, and particularly when they are from 
young animals, few remain viable long enough to 
follow the loss of incorporated label which is likely 
to be much more prolonged than the period necessary 
for uptake. An exception to this general limitation 
on the value of in vitro experiments might be found in 
tissue culture, the employment of which for these 
purposes has scarcely begun. 

A further complication of in vivo metabolic experi- 
ments is the varying relationship between the chang- 
ing blood-levels of labelled precursor and the amount 
of isotope in the tissue. Thus phosphorus-32 persists 
in the blood for at least two months after injection 
into neonatal rats, and considerably longer in adults!’. 
Similarly cholesterol labelled with carbon-14 remains 
in the blood for a month after injection into day-old 
chicks**. This effect corresponds to a continuous 
perfusion of precursor. and in this way label may enter 
compartments of low metabolic activity. This could 
account for the slow and very small incorporation of 
+4C}-cholesterol into the adult central nervous 
system and for the very slow loss of labelled sterol 
thereafter (Fig. 2). 
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Multiple-dose Techniques 

The usefulness of single-dose experiments in vivo is. 
however, severely restricted in other ways which 
have been appreciated almost since the first use of 
isotopes in biology. The level of label at any time 
after injection is the resultant of so many metabolic 
processes, each of which has such a variable influence 
at different times, that meaningful interpretation is 
often impossible. One of the most variable factors 
is the size of the precursor pool being presented to the 
tissues in the early stages. since it usually drops pre- 
cipitously soon after administration. The fall is due 
to equilibration with extracellular space, excretion 
and the preferential uptake which sometimes occurs 
rapidly into certain special tissues. Various tech- 
niques have been devised to overcome the difficulties 
of single-dose experiments by achieving a constant 
level of labelled precursor. This may be artificially 
accomplished by mathematical correction of the 
level of label in the product to the level in precursor 
at the same point in time, the ratios of product to 
precursor often being referred to as relative specific 
activities. Alternatively an attempt may be made 
to keep the precursor constant by repeated injection 
for a prolonged period until all active constituents 
have become equilibrated with it. Administration is 
then stopped, and the rate of loss of label studied. The 
mathematical correction to relative specific activities 
may be very misleading when slow synthetic and 
degradative processes are being studied in an animal 
in which precursor values are changing rapidly. and 
this is usually particularly the case in the period 
immediately after injection**. Another difficulty is 
that the relationship can only be calculated if the 
immediate precursor is known!*:!*. Rates of change 
of relative specific activities become even more 
difficult to interpret when the product in the numer- 
ator is metabolically heterogeneous in its relationships 
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with its precursor: that is to say, when there is a 
heterogeneity of turnover-rates of a substance in the 
different metabolic compartments of the same tissue. 

A much more useful technique for investigating 
heterogeneous metabolism in vivo is that employed 
by Thompson and Ballou’. They exposed rats to 
tritiated water from the time of conception, by 
repeated administration to the mothers before and 
throughout pregnancy and lactation. Even after 
weaning, the water supply was constantly labelled, 
and so, when the animals were mature, they had 
presumably incorporated tritium fairly evenly into 
body constituents. At this stage, tritium 
administration was stopped, and the rate of decline 
of tritium in different tissues and tissue constituents 
was studied for many months. Components of the 
biological decay curves were identified, extrapolated 
backwards, and the sizes of different compartments 
as well as their biological half-lives estimated. This 
design of experiment is capable of very great bio- 
chemical and physiological variation, and its extension 
would yield many important quantitative data con- 
cerning metabolically heterogeneous compartments. 
It has many advantages over the single-dose in vivo 
experiment for these purposes. 

Areas consisting of inert structure can sometimes 
be separated from others predominantly containing 
rapidly metabolizing cells owing to the anatomical 
arrangement of some tissues. For example, brain 
white matter and grey matter can be crudely separ- 
ated, and although there is no complete division 
into neuronal cells, glial cells, and myelin sheaths, 
significant metabolic differences can be studied 
which are partly based on the relative amount of 
inert structure present'*-*>. It is far more useful for 
many purposes to dissect brain this way than to 
separate it into brain stem, cerebellum and cerebrum. 
\ similar gross separation is quite impossible in 
the case of the more homogeneous tissues like liver. 
However, differential centrifugation offers further 
possibilities of separating the different anatomically 
based components of tissues**:?7,_ By these means it 
is possible to obtain information separately about 
the different roles of the same substance within the 
same tissue, and about the infinite range of metabolic 
rates involved. 


most 


Conclusion 
A revolution occurred twenty years ago as the 
result of the application of isotopes to biological 
research. A new generation of thought quickly 
adopted the doctrine of the dynamic state of body 
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constituents. In the past two decades, however, th¢ 


new doctrine has been substantially modified by ap / 


increasing appreciation of the wide range of rates of 
metabolism taking place in tissues. The realization 
that the same material may be metabolized at differ 
ent rates in the same tissue, and that many important 
tissue constituents may even be metabolically inert, 
has come relatively recently. This new evidence has 
been only slowly recognized by those who have 
already accepted that all body constituents engage 
in the dynamic equilibrium. An awareness of the 
concept of extreme and even infinite metaboli 
heterogeneity is necessary to a more complete 
understanding of tissue metabolism in vivo, and 
without it, it is not possible to make meaningful 
comparisons between different tissues, or between the 
same tissue at different stages of development. It is 
suggested that much that is puzzling about existing 
results may become clearer in the light of these ney 
ideas. They should be considered in any investigation 
of in vivo metabolic turnover problems in the future. 
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AFRICA’S FIRST SCIENCE MUSEUM 
By MURRAY SCHOONRAAD 


South African Council for Scientific and Industrial Research, Pretoria 


N August 26, 1960, Dr. P. J. du Toit, F.R.S., 
() former president of the Scientific Council in Africa 
South of the Sahara, opened Africa’s first Science 
Museum in Pretoria. The Permanent Exhibition of 
Modern Science was established under the auspices 
of the Pretoria Centre of the South African Associa- 
tion for the Advancement of Science to commemorate 
the Union Festival 1960. It has been arranged in the 
form of an exposition of contemporary science in 


which that in South Africa is seen against the back- 
ground of world science. Its aim is not only scientific 
but also to demonstrate agricultural, mining and 
manufacturing processes; for to-day’s science 18 
to-morrow’s technology. Furthermore, this will 
serve as an institution where the noteworthy 
achievements of South African scientists could be 
explained and their original instruments and equip | 
ment preserved for posterity. 
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Fig. 1. Entrance to the Exhibition of Modern Science, Pretoria. 


symbolizing the main theme of the International Geophysical Year: 


The inhabitants of the capital of South Africa have 
taken the initiative, and quite rightly so, for nowhere 
on the continent of Africa is scientific research and 
activity more concentrated than in and around 
Pretoria. Here are situated the headquarters of the 
Council for Scientific and Industrial Research with its 
two national laboratories, seven national 
research institutes, the South African Bureau of 
Standards and associated activities; the headquarters 
of the Department of Agriculture, with its numerous 
research divisions including chemical services (soil 
fertility), botany, plant pathology, horticulture, 
lairying and the famous Veterinary Research Insti- 
ture at Onderstepoort; the Department of Forestry, 
the Geological Survey and Trigonometrical Survey ; 
the Weather Bureau and the Radcliffe Observatory ; 
he National Zoological Gardens, National Botanic 
ardens and the Transvaal Museum; the Fuel 
Research Institute and the developing research 
aboratories of the South African Iron and Steel 
Industrial Corporation (Iscor); the University of 
Pretoria, with its rapidly developing faculties of 
nedicine and engineering. in addition to the faculty 
of science; and the University of South Africa, 
Pretoria. Here, too, are the headquarters of the 
various agricultural marketing boards. 

As these scientists seldom meet except in their own 
specialized groups, it has created an opportunity for 
“ientists from different fields of specialization to 
meet together and even more so to work together on 
Furthermore, scientific 


research 


matters of common interest. 
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The three posters seen in the foreground form part of a display 


space, Sun and Earth, weather and climate, oceans and poles 
organizations are obliged to participate from time 
to time in shows and exhibitions which involve a 
great deal of time, effort and expense; these exhibits 
are usually on display for relatively short periods, 
after which they have to be broken down. The result 
is that all the effort and expense are virtually lost. 

It was against this background that on February 5, 
1960, Mr. Kingwill, head of the Information and 
Special Services Department of the Council for 
Scientific and Industrial Research. proposed the 
establishment of a Permanent Exhibition of Modern 
Science to a meeting of Pretoria members of the 
South African Association for the Advancement of 
The proposal was accepted and an organiz- 
ing committee appointed. The committee found 
immediate support from the Pretoria City Council, 
the Northern Transvaal Chamber of Industries, the 
Transvaal Museum, the Council for Scientific and 
Industrial Research and South African Iron 
and Steel Industrial Corporation. It was decided 
to launch the Permanent Exhibition of Modern 
Science in conjunction with the Pretoria Industrial 
Show, in one of the halls with an area of 30,000 sq. ft.. 
which the Pretoria City Council agreed to make 
available for an indefinite period. 

The success of the exhibition depended entirely 
on the support of the main research organizations 
in Pretoria in order to be able to present a reasonably 


Science. 


complete picture of research in science and engineering 
in relation to the development of the material and 
human resources of South Africa. Despite the short 
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An exhibit first shown at the Atoms for Peace Conference in Geneva, illustrating the occurrence 


and mining of uranium in South 


Africa 


notice this support was forthcoming. In addition, 
exhibits on sugar production were provided by the 
South African Sugar Association, paper production 
by the South African Pulp and Paper Industries, on 
power generation by the Electricity Supply Commis- 
sion for South Africa, English Electric and John 
Thompson, Ltd., petroleum by the Shell Co. of 
South Africa, Ltd., aviation by British Overseas 
Airways Corporation, gas turbines by the South 
African Air Force, and the recovery and of 
diamonds by the Diamond Research Laboratory. 
Major contributions were received from the Informa- 
tion Offices of the United Kingdom and the United 
States—the former on radioactivity and nuclear 
power, the latter on space research. 

As a result of this wonderful co-operation and 
support, it was possible to stage a very comprehensive 
exhibition of modern science in an unbelievably short 
time. The exhibits have been so arranged that they 
lead the visitor from research on outer space and its 
relationship to the measurement of the Earth, to 
the measurement of the ionosphere, on which we are 
dependent for long-distance radio communication, 
to meteorological observations and weather forecast- 
ing; and from there to research on hail, air-pollution 
and radioactive fall-out. Descending to Earth 
the structure and interrelationships of rock forma- 
tions are explained. These are followed by exhibits 
illustrating the mining, recovery, preparation, trans- 
formation and utilization of coal in South Africa. 
From here the exhibition leads off in three directions: 
the use of coal in the generation of electric power; 


uses 


the occurrence of uranium in association with gold 
in South Africa, the processing and use of wraniun 
in the generation of electric power, radioisotopes 
and the cultivation of the surface of the Earth, that, 
is, agriculture. 

The main aspects of agricultural research, such as 
soil and vegetation, crops and pastures and anima 
husbandry are demonstrated in comprehensi\ 
displays. In the exhibit on forestry the following 
aspects are dealt with in detail: afforestation, genetics 
and tree breeding, plantation operations, saw milling 
seasoning, grading, uses and wood products. Witl 
this exhibit is associated an exhibit on the production 
of pulp and paper. 

The theme then switches to the basic sciences of 
chemistry and physics. Exhibits dealing with X-ray 
crystallography, spectrochemical analysis and _ the 
three techniques of chemical separation, chromato- 
graphy. ion exchange and distillation, illustrate that 
the separation and identification of substances is an 
important aspect of science. These displays ar 
followed by an exhibit on the history, meaning, 
purpose and application of standardization. Parallel 
to them are exhibits on engineering: gas turbines and 
aviation, stress analysis, slag cement, steel production 
and the exploration, recovery, transportation and uses 
of petroleum. 

This leads to research on public services: 
construction and maintenance, traffic engineering 
and road safety; the treatment and purification 0 
water supplies and effluents; vitamins, 
trace-elements and nutrition; Bantu housing and, 
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fnally, aptitudes and abilities of the people of 
South Africa and their adjustment to changing 
conditions. 

The present housing of the exhibition in the Pre- 
toria Show grounds is a temporary arrangement, and 
eventually it is intended to provide permanent 
accommodation which will be more conveniently 
situated. A film auditorium is included in the 
exhibition hall, and on Wednesday evenings a pro- 
gramme of lectures and films is arranged to amplify 
the exhibits in the hall and other items of general 
scientific interest. 
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The establishment of the Permanent Exhibition 
of Modern Science has been made possible through 
the voluntary efforts of members of the organizing 
committee and the support and co-operation of 
numerous sponsors. It is a long-term project, and 
success will depend on continued support and 
sponsorship of industrial, commereial and public 
undertakings; on the active participation in its 
activities by scientists working in these organiza- 
tions; on the interest and participation of school 
teachers and scholars; and on the Association for 
the Advancement of Knowledge and Culture. 


OBITUARIES 


Prof. Camille Guérin 


Pror. CAMILLE GUERIN died on June 9 in Paris in 
the hospital of the Pasteur Institute after a long 
illness. 

Probably not all who are aware of, or are responsible 
for organizing, vaccination with BCG, finally but only 
very recently accepted in Britain as safe and effective 
and having an important ancillary part to play in the 
control of tuberculosis in man, recognize that the 
initials perpetuate so eloquently the close and fruitful 
collaboration of two of the most illustrious of Pasteur’s 
disciples which, more than forty years ago, resulted in 
the development of this antituberculosis vaccine— 
Bacille Calmette-Guérin. 

Guérin was born in Poitiers in La Vienne on 
December 22, 1872. He pursued his veterinary 
studies in the Ecole d’Alfort near Paris. It was 
fortunate that Nocard, one of the professors at this 
school, realizing his interest in research in the bacterio- 
logical field, initiated Guérin’s technical training and 
encouraged his vocation. Nocard was an able master, 
for he was associated with Pasteur in the early studies 
on rabies in the rue d’Ulm and later, in addition to 
continuing his teaching at Alfort, he brought his 
clinical science and experience in experiments on 
animals to a collaboration with his friend Roux at 
the Pasteur Institute in studies on tuberculin, mallein 
and on the development and improvement of bacterio- 
logical techniques, just as Guérin did later to his 
collaboration with Calmette. It was Nocard who 
brought Calmette and Guérin together. 

In 1896, the year following Pasteur’s death, Cal- 
mette was appointed director of the newly founded 
Pasteur Institute in Lille on his return from a mission 
to Saigon, starting in 1891, to establish a centre for 
smallpox vaccination and for the diagnosis of and 
vaccination against rabies with the Pasteur vaccine. 
[his latter became one of the three Pasteur Institutes 
inthe great French colony of Indo-China. 

In 1897 Guérin was appointed assistant to Cal- 
mette in Lille. Their collaboration lasted for thirty- 
six years and was only terminated by Calmette’s 
death in 1933. 

As Guérin once waggishly commented, he could 
not be accused of having tackled too many problems 
without devoting sufficient time to any one of them. 
Only two were the subjects of his researches, vaccinia 
and tuberculosis. Experiments on Jenner’s vaccine 
were indeed the first subject of his researches, and the 
regeneration of the virus by passage on the shaved 
skins of rabbits led to an original method of titrating 





the virus which was later adopted in 1927 by the 
League of Nations for the standardization of the 
vaccine for smallpox. 

However, it was to the experimental study of the 
bacillary infection and the immunity against tuber- 
culosis that in collaboration with Calmette he 
consecrated the major part of his long scientific career, 
extending over forty-six years. They had come to the 
conclusion that only a living vaccine would be likely 
to prove efficacious, and their long. patient efforts from 
1908 over a period of thirteen years, during which 
a bovine strain of tuberculosis was passaged 230 
times in a medium to which they had added bile 
which they had found in early work had an attenuat- 
ing effect on the bacilli, finally led to a culture which 
proved to be non-infective for guinea pigs and cattle 
while retaining immunizing properties for these 
species. Investigations were made on the stability 
of this attenuated culture in respect of lack of 
tendency to reversion of pathogenicity when sub- 
cultured in media without bile or evidence of similar 
reversion in vaccinated animals. At this stage con- 
sideration was given to the possibility that the 
vaccine would be safe and effective for the immuniza- 
tion of man. The first vaccinations of children were 
carried out by Weill-Hallé in 1921 with successful 
results. BCG vaccination became increasingly 
popular so that in 1928 the number of vaccinated 
children in France increased to more than 100,000. 
During this period the activities of the Lille Institute 
had been interrupted by the 1914-18 War. In 1919 
Calmette went to the Pasteur Institute in Paris, where 
Guérin soon joined him to continue the work. Their 
culture is the parent of all the cultures used for 
BCG vaccination, and the number of persons vaccin- 
ated with BCG throughout the world is now estimated 
to be about 200 million. There is no evidence of 
reversion to virulence in the body of vaccinated 
persons. Moreover, following trials organized by the 
Medical Research Council (Rep. 1956, 1958 and 1959), 
which indicated safety, substantial protection for at 
least 6} years and satisfactory conversion-rates to 
tuberculin sensitivity following vaccination with 
liquid or freeze-dried BCG, it has at long last come to 
be recommended in Britain for the vaccination of 
infants born to tubercular parents, children of 13-14, 
doctors, nurses and medical students coming in 
contact with tubercular patients and those who have 
been in contact with cases of open tuberculosis, 
provided that all these categories show negative 
results in tuberculin tests before vaccination. The 
important part that BCG can play in economically 
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as it is pointed out, must be 
to all the instruments avail- 
These have been 


pre fesse r 


ck veloped countries, 
considered as ancillary 
able for the control of tuberculosis. 


listed in a recent review by an eminent 

and expert in tuberculosis, J. W. Crofton, as BCG 
and the general improvement in the standard of 
living to raise community resistance, miniature 


radiography, chemotherapy. appropriate isolation, 
improved ventilation and the reduction of overcrowd- 
ng in home, work, play and transport. 

Reference is also made to control of bovine tuber- 
culosis: with regard to this it appropriate to 
mention the recent announcement by the Ministry 
(Agriculture that October 1, 1960, marked the end 
concentrated effort to reduce the incidence of 
bovine tuberculosis in Britain to a degree that it is 
no longer a national problem in that it has been 
virtually eradicated by attestation of the herds of the 
whole country. It is stressed that the present position 
with regard to human tuberculosis does not justify 
complacency. However, it is considered that a stage 
has been reached when it is possible to see how the 
main weapons against tuberculosis can be applied, 
and that provided there is enthusiasm and public 
backing to the end, there is a prospect of foreseeing 
the elimination of tuberculosis in the not too distant 
future. The problem in the undeveloped countries 
is more difficult. It is commented that BCG has an 
important part to play in economically developed 
countries, and it might be even more useful in the 
others provided that the efficacy and appropriate 
use of the vaccine is kept under constant review in 
the laboratory and in the field. 

In this connexion it interesting that what 
considered as one of the most convincing studies of 
the protective power of BCG vaccination was first 
reported by Aronson in 1948. North American 
Indian children and young adults who did not react 
to tuberculin were divided into groups of 1,550 
vaccinated with BCG and 1,457 unvaccinated. There 
was segregation of the first group for two months 
after vaccination. Tuberculin testing and radio- 
graphic examination was carried out each year for 
seven years and at the end of this period 4-5 times 
more unvaccinated had developed tuberculosis than 
the vaccinated and the mortality-rate from tuber- 
culosis was seven times higher in the unvaccinated. 
It is interesting to note. in view of the early demon- 
stration by Calmette and Guérin of the immunizing 
value of BCG in cattle. that it is now considered that 
control of tuberculosis should, whenever possible, 
based on attesta- 
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be by an eradication scheme 
tion of herds by tuberculin testing. Since BCG 
vaccinates are sensitized to tuberculin, diagnostic 
procedures are difficult and thus BCG can play no 
part in such a Nevertheless, although the 
BCG vaccine has become established safe and 
effective, it had a very stormy history and one of 
the roughest passages of any vaccine before final 
acceptance. Undoubtedly, one of the major setbacks 
was the unfortunate incident in 1930 in Lubeck in 
Germany when 78 out of 251 infants believed to have 
been vaccinated with BCG, but who as was later 
established by official inquiry had been inoculated in 


scheme. 
as 


error with fully virulent human culture of the 
tuberculosis bacillus, died. Until the result of the 
official inquiry had confirmed that BCG was not 


responsible, Calmette and Guérin suffered adverse 
criticism and vituperation from all quarters, including 
that from those who had warned that reversion to 
virulence was possible and here was the proof. 
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Although BCG was exonerated. the incident 


had | 


unfortunate repercussions, and it was a very long | 
' 


time before confidence in the safety and efficiency of 
the vaccine was established. Calmette especially was 
greatly shaken by the incident. He did not have the 
resilence of Pasteur in dealing with his detractors. 
The worry, strain and the vilification by the critics 
together were too much for him. He died in 1933, a 
disappointed man broken in spirit and health. 

Guérin continued the fight against tuberculosis as 
chief of the BCG service in the Pasteur Institute for 
another ten years, consolidating the victory, opposing 
the doubts and critics with his lucid, well-considered 
judgments. Even after his retirement, he gave 
encouragement and advice to those who took over 
from him. Guérin was a member and president 01 
vice-president of many learned and, in 
addition to receiving many foreign decorations, his 
contribution to the control of tuberculosis was recog. 
nized with gratitude in 1952 by the award of the 
Grande Médaille de Vermeil de la Ville de Paris. in 
1955 by a prize of one million franes by the Academy 
of Sciences and appointment as Grand Officier de la 
Légion d’Honneur in 1958. 

Those who knew Guérin recognized his charming 


societies 


modesty and great affability, and what gave him the 
greatest satisfaction was presiding at the First 
International Congress of BCG in 1948 and the 


opportunity of surviving long enough to witness the 
ultimate success of BCG, the universal recognition 
of the safety and efficacy of the vaccine which he and 
Calmette had struggled to develop nearly half a 


century ago. Tan A. GALLOWAY 


Prof. R. M. Gordon, O.B.E. 


RuPERT MonTGOMERY GORDON, professor emeritus 
of parasitology and entomology in the School of 
Tropical Medicine, University of Liverpool, died on 
July 26, 1961, aged sixty-seven. During his youth he 
lived in Phoenix Park, Dublin, and there he developed 
early an interest in biology. He graduated in medicine 
in Trinity College, Dublin, in 1916, and, joining the 
Royal Army Medical Corps. he spent the war years 
in the Middle East. He was demobilized in 1919 and 
joined the staff of the Liverpool School of Tropical 
Medicine. He was soon sent to work for some tw 
vears in the School's laboratory at Manaos in Brazil. 
and on his return he became house physician and 
clinical pathologist to the Tropical Ward in Liverpool. 
In 1924 he was transferred to the Sir Alfred Lewis 
Jones Research Laboratory in Sierra Leone. where he 
became director in 1929 and professor of tropical 
diseases of Africa. In 1937 he returned to Liverpool 
to the chair of entomology, and in 1941 he became 
the first occupant of the Dutton and Walter Myers 
chair of entomology and parasitology. 

He was president of the Royal Society of Tropical 
Medicine and Hygiene during 1955-57, and _ he 
was awarded the Chalmers Memorial Gold Medal in 
1937. On his retirement he received the Mary 
Kingsley Medal of the Liverpool School of Tropical 
Medicine. He was an active member of many 
scientific committees and an editor of the Annals of 
Tropical Medicine and Parasitology for 28 years. 
In collaboration with Dr. M. M. J. Lavoipierre he 
completed a text-book on medical entomology 
shortly before his death. 

Prof. Gordon was author of more than one hundred 
scientific papers which covered a wide range of 
subjects. In addition to many minor studies he made 
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major contributions to medical parasitology in con- 
nexion with the epidemiology of malaria; the vectors 
of schistosomiasis and the development of the worms 
n the final host; metazoan immunity; the reaction 
of the human host to the bites of insects; the 
epidemiology of filariasis, especially loaiasis; and the 
jeposition and development of trypanosomes de- 
posited in the mammalian host by tsetse flies. One 
of his most notable achievements was his investi- 
gation of the behaviour of the mouthparts of blood- 
sucking arthropods during the act of feeding. He 
and his colleagues devised a method by which the 
mouthparts could be photographed on cine colour 
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film in the host’s tissues while feeding. and several 
cine films were made. 

As a man. Prof. Gordon earned the affection of his 
junior staff and colleagues. He was deeply loyal to 
the School and to his friends, and he took a personal 
interest in encouraging the development of his young 
research workers. He was a tireless worker, a very 
fine teacher and an amusing companion. His wide 
experience and broad vision enabled him to throw 
fresh light on any problem he investigated, and his 
stimulating approach and constructive criticism will 
be sadly missed by workers in the field of medical 
parasitology. T. H. Davey 


NEWS and VIEWS 


Fluid Mechanics at Glasgow : 
Prof. T. R. F. Nonweiler 

Dr. TERENCE NONWEILER has been appointed to 
the Mechan chair of aeronautics and fluid mechanics 
at the University of Glasgow in succession to the late 
Prof. W. J. Duncan. For the past four years Dr. 
Nonweiler has been a senior lecturer in aeronautical 
engineering at the Queen’s University of Belfast, 
having previously held the same office at the College 
of Aeronautics. For some years he has acted as 
consultant to the Admiralty. He is an Associate 
Fellow of the Royal Aeronautical Society and also of 
the Institute of Aero Space Sciences and a Fellow of 
the British Interplanetary Society. Dr. Nonweiler is 
well known for his many contributions to theoretical 
aerodynamics, to space technology and to the problem 
of the stability of submarines. In addition, he has 
been a moving spirit in the recent campaign for the 
achievement of man-powered flight. 

The appointment of Dr. Nonweiler to a chair with 
responsibilities for the education of both aeronautical 
and mechanical engineers is particularly felicitous 
in that his interests and experience cover the whole 
range of fluid mechanics. Moreover, several fields 
in which he has long been interested are likely to 
become increasingly prominent in the immediate 


Tuture. 


Progress on the Advanced Gas-cooled Reactor at 

Windscale 

Tue 135-ft. diameter containment building which 
encloses the advanced gas-cooled reactor, now nearing 
completion at the Windscale Factory of the Atomic 
Energy Authority, Cumberland, was successfully 
tested over the August Bank Holiday week-end. The 
holiday period was chosen so as to cause minimum 
nterference with other work on the site and with the 
Factory. Very satisfactory results were obtained 
from sub-atmospheric strength and leak tests. The 
pneumatic strength test at 12-5 lb./sq. in. (gauge) 
necessitated the diversion of traffic from the adjacent 
public road as a precautionary measure. The 
advanced gas-cooled reactor represents the next phase 
of development of the graphite-moderated gas-cooled 
reactor beyond the basic Calder Hall design adopted 
for the first round of British nuclear power stations 
now being built. The main objective of the reactor 
is to reduce the capital cost of reactor installation, 
and this will be done by raising the steam temperature 
and increasing thereby the amount of heat generated 





from a given size of reactor. Higher temperatures 
will be made possible by the use of uranium oxide 
fuel, which will be put into the reactor in stainless 
steel and beryllium ‘cans’. 


Industrial Water and Effluents Group 

A NEW group of the Society of Chemical Industry, 
to be known as the Industrial Water and Effluents 
Group has been formed under the chairmanship of 
Dr. B. A. Southgate, director of the Water Pollution 
Research Laboratory of the Department of Scientific 
and Industrial Research. The new Group will be 
concerned with the broad subject of industrial water, 
from supply. through treatment and use, to ultimate 
disposal. Among the subjects which will receive 
special attention by the Group are: availability of 
water for the future needs of industry; quality 
requirements for water for industrial use; treatment 
of water for process, steam raising and cooling pur- 
poses; conservation and re-use of industrial water: 
methods of treatment and disposal of water-borne 
wastes; industrial location and development, as 
governed by water supply and waste water disposal 
facilities; effects of industrial effluents on natural 
waters. The first meeting of the Group will take 
place at the Royal Institution, Albemarle Street, 
London. W.1, on November 1. Applications for 
membership and further information can be obtained 
from the General Secretary, Society of Chemical 
Industry. 14 Belgrave Square, London, 8S.W.1. 


Atomic Research and International Co-operation 

A REPORT, New Trends in Atomic Research and their 
International Significance, prepared by Dr. L. 
Kowarski, scientific adviser to the European Nuclear 
Energy Agency, and submitted to the Agency’s Steer- 
ing Committee, surveys the scope for international 


action in nuclear research and the opportunities of 


co-operation and makes several suggestions for such 
action (Pp. 36. Paris: Organization for European 
Economie Co-operation, European Nuclear Energy 
Agency, 1961). These are to be examined by a 
meeting of experts from member and associated 
member countries which is expected to take place 
during October. Dr. Kowarski assumes that funda- 
mental research in this field is likely to be carried out 
in a clearly autonomous division of a large centre or 
in a separate centre, and that the need for large- 
scale planning, especially in semi-applied research, 
will encourage international co-operation. He believes 
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that, although international co-operation is compat- 
ible with secrecy regulations only under exceptional 
conditions, in normal times the temptation to 
secrecy can be kept within reasonable bounds and 
channels of information kept open. Of the opportuni- 
ties for co-operation, he lists first studies on high-flux 
reactors, followed by the application of electronic 
computation to reactor technology. Reactor physics 
also offers considerable possibilities, particularly 
through the pooling of material resources, as does the 
conversion of fission-generated heat into electric 
power. Besides the advanced types of power reactors, 
research on materials and components, research on 
miscellaneous applications of nuclear energy whether 
in medical or biological research, the sterilizing 
irradiation of food or other utilization of by-products, 
and problems of the disposal of waste materials offer 
important opportunities. The concrete suggestions 
for co-operation made in this report are, first, the 
creation of an ‘Advanced Proposals Committee’, to 
scrutinize new trends and ideas in this field, together 
with study groups on the direct conversion of nuclear 
energy to electric power and on data processing. 
Authoritative discussions could also be initiated into 
possibilities of co-operation on fluid-fuel and heavy- 
water reactors, making full use of the potentialities 
which already exist at Oak Ridge, particularly in the 
molten-salts reactor. 


The Frederick Soddy Trust 

THE report of the Frederick Soddy Trust (dated Sept- 
ember 1958. Pp. 16. (Hove, Sussex: The Frederick 
Soddy Trust, 9 The Drive)), gives some indication 
of the principles to be employed in selecting pro- 
jects for support, and these are further emphasized 
by the list of rejected applications by August 1957 
and the record of grants made up to September 
1958 which are included in the report. One further 
application, a large-scale and ambitious project for 
studies in a Central American desert, was rejected 
because it required support on a much larger scale 
than the Trust was able to give. On the principles 
themselves, the report emphasizes that team work 
rather than individual work is to be supported; 
other things being equal, preference is to be given 
to original work leading to some published report. 
and the emphasis throughout must be on actual 
study and research in the field. Grants will norm- 
ally only be made to persons reasonably qualified 
to carry out the work and, if possible, where the 
study is being carried out under competent and 
qualified leadership. Special value is to be attached 
to organized co-operation with local workers when 
field studies in a foreign country are undertaken. 
details are included of the programme of 
crofting field studies, 1957; the proposed study of 
Corby and the proposed survey of the parish of 
Ardington, Berkshire, by the University of Reading; 
and of a proposed expedition to the Pyrenees. 


Some 


Australian Rock Art 


ONCE again students of primitive native art have 
to thank Mr. F. D. McCarthy, who has recently 
published two articles in the Records of the Australian 
Museum. One deals with the rock-shelter paintings 
of the Conjola District in New South Wales (24, 
No. 13; March 9, 1959: “Cave Art of the Conjola 
District, New South Wales”. Pp. 191-—202+ plate 22. 
Sydney: The Australian Museum); the other with 
certain rock engravings from the Sydney—Hawkes- 
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bury District (24, No. 14; March 9, 1959: ‘Rock 
Engravings of the Sydney—Hawkesbury District’ 
Sydney: The Australian Museum). In both cases, 
conventionalized figures of animals and humans 
occur, as well as signs. Representations of footprints 
are especially noticeable among the engravings. The 
paintings occur in rock-shelters, the engravings on 
open rock surfaces. Among the illustrations given 
is a number of excellent photographic reproductions, 
So much has been done recently to render available 


to students this interesting native Australian art | p 


that one wonders when the various investigators, 
headed by Mr. McCarthy, will get together to produce 
a really worthy, well-illustrated volume on _ the 
subject. Museum articles and the like are all very 
well, but not everyone outside Australia can easily 
put their hands on them. It is time a more complete 
account appeared. 


The Whaley Skull 

AN interesting excavation was undertaken in 
Derbyshire by the late Leslie Armstrong, in company 
with the late Dr. Arthur Court, at the Whaley rock- 
shelter, not many miles from the more classic palzo- 
lithie sites at Creswell Crags. The work started so 
long ago as 1938, but the well-known skull was only 
unearthed in 1947. A number of archzxological levels 
was identified, ranging from two Mousterian layers 
at the bottom to Aurignacian and proto-Solutrean 
levels above. Between the two series there was a 
sterile layer. The Whaley skull appeared to be a 
deliberate burial in the proto-Solutrean _ layer. 
Associated with it in the level were antler, bone and 
flint tools typical of the culture. The skull was 
buried with the base downwards and the frontal parts 
facing the wall of the shelter. Dr. Oakley has exam- 
ined the chemical composition of the skull and the 
results obtained are in no way inconsistent with it 
being of Upper Paleolithic date, though from the 
point of view of the measurements of the skull itself 
it could almost equally be of a female of Neolithic 
date. In an article in Man of July 1961, D. R. 
Brothwell, of the Duckworth Laboratory of Physical 
Anthropology at Cambridge, describes the find in 
detail with comparative data from other sites. It 
seems likely that a proto-Solutrean family living in 
this rock-shelter carefully buried the skull of a woman 
who was fully adult, though the original suggestion 
that she was about fifty years of age now seems 
doubtful; but why she was carefully buried in the 
‘home’ will never be known. 


Natural Rubber Producers’ Research Association 


THE annual report of the Natural Rubber Pro- 
ducers’ Research Association once more directs 
attention to the steady development of the natural 
rubber industry in the face of ever-growing competi- 
tion from a variety of synthetics. Latest among 
these is the cis-1 : 4-polyisoprene rubber, which, for 
the first time, actually reproduces the essential 
structure of the natural rubber molecule, and which. 
with the closely allied cis-1 : 4-polybutadiene, is 
likely to prove a formidable challenge. This challenge 
is being met by concentration on improved efficiency 
in procuction and marketing. and by the continuous 
application of fundamental research. Among the 
more striking of the fundamental researches referred 
to is the discovery that the immediate precursor 
of the rubber hydrocarbon in the rubber plant 3s 
isopentenyl pyrophosphate. This substance has 
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been shown to be converted rapidly into rubber in 
fresh latex. Another topic which is now becoming 
much clearer is the mechanism of rupture and fatigue 
failure. The well-known zig-zag type of tearing so 
haracteristic of a good rubber is shown by photo- 
lastic investigations to be a consequence of the classi- 
al stress-distribution pattern in the material ahead 
fa growing crack. 
uleanization,. and the converse effect of degradation. 


has continued, and is enabling a consistent picture of 


the relation between the molecular structure and the 


| phy sical properties of rubbers to be built up. 
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Railways in Rural Areas 

PERHAPS inadvertently, the Newsletter of the 
Friends of the Lake District for June 1961 brings out 
dearly the dilemma which must confront railway 
authorities in determining their policy of supplying 
transport facilities in rural areas (Pp. 14. Ulverston, 
Lancashire: Friends of the Lake District. 1961). 
The association is keen that certain branch lines which 
provide passenger services during holiday periods 
should be preserved. To do this is quite uneconomical 
and involves considerable financial loss to British 
Railways. The dilemma is one which cannot be 
resolved by the interested parties alone and, if this 
lesirable service is to be maintained, should be 
lecided for all important branch lines by the Govern- 
ment as a means of preserving the nation’s amenities. 


Calouste Gulbenkian Foundation 


THE chairman’s report of the Calouste Gulbenkian 
Foundation, covering the period July 20, 1955 
December 31, 1959 (Lisbon: Pp. xvii+201+4+17 
plates), describes briefly the founder and the Founda- 
tion before outlining the investment and distribu- 
tion policy which has been pursued. These have 
mainly comprised charitable activities and the arts 
in Portugal, with some work in education such as 
provision of scholarships (of which 122 were for study 
abroad, and 41 for study in Portugal ; of these 45 
were in the physical sciences, 80 in the medical and 
biological sciences and 34 in social sciences), and 
travelling libraries. Some limited assistance to 
scientific research in Portugal has been given through 
the provision of study, work and travel scholarships, 
grants to scientific institutions and for research 
projects and the establishment of a study centre for 
agricultural economics. A number of grants has been 
made for various purposes in the United Kingdom 
and elsewhere in the British Commonwealth. These 
include £10,000 to establish a Gulbenkian Fund at 
King’s College, University of London ; £22,000 for 
leture rooms in the New Law Library, University 
of Oxford ; £50,000 for three fellowships at Churchill 
College, Cambridge ; £5,500 to the Pepys Library, 
Magdalene College, Cambridge, for preparation and 
publication of a catalogue ; £12,000 to the Outward 
Bound Trust and £5,000 to the University College 
of Rhodesia and Nyasaland for an archaeological 
laboratory. 


Theoretical and Applied Mechanics at the Univer- 
sity of Roorkee 


Tue fifth annual congress on theoretical and applied 
mechanics was held during December 23-26, 1959, at 
the University of Roorkee, India, under the presi- 
dency of Dr. A. N. Khosla, the then vice-chancellor 
of the University. On the previous two days, 
December 21-22, a symposium on ‘Non-linear 





The work on the chemistry of 
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Physical Problems” was held at the University. The 
Symposium was sponsored jointly by the Indian 
Society of Theoretical and Applied Mechanics and 
Unesco. and was presided over by Prof. F. K. G. 
Odqvist. Fifty-eight papers were presented at the 
congress and thirty papers at the symposium, and 
132 delegates attended. Many of the papers have 
been published in scientific periodicals, but eighteen 
of the papers, including the presidential address by 
Dr. A. N. Khosla entitled “Shell Roof for 325 feet 
Auditorium Span at the University of Roorkee” 
presented to the congress, and fourteen to the sym- 
posium have been collected together and recently 
published as the Proceedings of the Fifth Congress on 
Theoretical and Applied Mechanics ; and the Sym- 
posium on Non-Linear Physical Problems (Pp. xi+ 
342. Kharagpur: Indian Society of Theoretical and 
Applied Mechanics. Indian Institute of Technology. 
1960). The contribution by Prof. Odqvist is entitled 
“Engineering Theories of Creep’, and an account is 
given of solutions of the problems of plasticity and 
creep as connected with bending of plates and 
stretching of membranes. Recent sclutions obtained 
with Swedish digital and/or analogue computers are 
discussed. 


Management of Pine Stands for Pulp-wood 
TREES belonging to various species of Pinus are 
now widely used in afforestation operations because 
it is a feature of most species of that genus to be 
hardy pioneers able to adapt themselves to very 
exacting and exposed conditions. Because of the 
unfortunate habit of over-generalization and lack of 
discrimination—which has led in one case to tho 
appearance of a text-book entitled Conifers, but 
which is solely concerned with certain species of pines 
—there has recently been an unwise tendency to 
accept certain revolutionary theories on the treatment 
of conifers, which might conceivably be applicable to 
some species of pine under certain special conditions. 
as worthy of general application in forestry. It was 
only a matter of time before the pendulum would 
swing back again, and it is perhaps quite significant 
and appropriate that this swing should receive an 
impulse from South Africa. Arising from the re- 
discovery that young or juvenile wood from trees 
6-10 years old produces chemical pulp of inferior 
quality, J. J. Kotzé. writing on the management of 
pine stands for pulpwood, makes some very salutary 
comments (Journal of the South African Forestry 
Association, No. 35, 3; 1960). He says, among other 
things, that ‘‘diameter-size in the shortest possible 
time is of far less importance than quality and 
quantity. Closer initial espacement is thus indicated’’. 
By delaying thinning, lateral branch development is 
kept under much greater control than in the case of 
wider espacement and earlier thinning, while taper is 
reduced and the trees tend to become more cylindrical 
inform. There is also greater opportunity to select the 
best stems for further development, while the rotation 
can also be lengthened. These points, which have long 
been accepted by foresters, deserve to be emphatically 
re-stated. More care must be taken in drawing general 
conclusions for application in practice until adequate 
tests have been made over an adequate number of 
years—and in forestry that means very many years. 


Mental Health Statistics 


THE supplement to the Registrar General’s statis- 
tical review on mental health for 1957 and 1958 


oes tr BAR ARAL 





856 NATURE 


continues the series dealing with statistics of patients 
admitted to and discharged from ‘mental and mental 
deficiency hospitals’ which began in 1949 (Pp. ix+ 
102. London: H.M. Stationery Office, 1961. 7s. 6d. 
net). Previous supplements on mental health in this 
series have dealt with patients in designated hospitals 
who were under the provisions of either the Lunacy 
and Mental Treatment Acts or the Mental Deficiency 
Acts. By 1958 the modern attitude to mental sick- 
ness was finding expression in the de-designation of 
hospital beds for mental patients. In order to preserve 
the continuity of the statistics, an attempt has been 
made to maintain the same bed coverage in 1958 as in 
previous years, irrespective of whether the patients 
were statutory or informal. Consequently, the totals 
of admissions, departures and discharges, deaths and 
resident populations include all statutory patients 
for the years up to and including 1957, and for 1958 
all statutory patients plus those informal patients 
whom it was possible to obtain statistical 
Two trends are apparent in the depar- 
tures and discharges: a general movement towards 
shorter durations of stay and an increase in the 
numbers of long-term patients leaving hospital. 


about 
information. 


Harwell Radiation Protection Course 

Tue fifth advanced course in “The Principles of 
Radiation Protection’’ will be held in the Harwell 
Reactor School during October 25, 1961—January 30, 
1962. The course, which comprises Jectures, practical 
work, demonstration and visits, is intended for 
graduates or persons of graduate standard either 
entering or already working in the field of radiological 
health and safety. The course will cover a wide field 
of fundamental background knowledge and will deal 
with principles rather than with particular tech- 
niques. Some of the lectures will be given by the 
staff of the school, but the majority will be delivered 
by experts from Harwell and other establishments of 
the U.K. Atomic Energy Authority. It is also hoped 
to have lectures from experts from the Medical 
Research Council, the Agricultural Research Council, 
the Central Electricity Generating Board, the In- 
stitute of Cancer Research, the Radiological Pro- 
tection Service and the Ministry of Housing and 
Local Government. The fee for the course is £250, 
exclusive of accommodation, and application forms 
and further details can be obtained from the Manager, 
Reactor School, Atomic Energy Research Establish- 
ment, Harwell, Berkshire. 


University News : Cambridge 


Tue following elections to posts in Churchill 
College have been announced. Fellowship: Dr. A. 
Hewish, of Gonville and Caius College, on appointment 
as College lecturer in physics. Junior Research Fellow- 
ships: J. A. Miller, of Selwyn College. for research 
in geophysics; R. M. Loynes, of Trinity College 
(Central Electricity Generating Board Fellowship) 
for research in mathematics. Research Studentships : 
N. W. Ashcroft, of the Victoria University of Welling- 
ton, New Zealand, in physics ; 8. J. Bernau (Canter- 
bury, New Zealand), of St. John’s College (Gulbenkian 
Studentship), in mathematics; G. R. G. Lewison, of 
Trinity Hall (Central Electricity Generating Board 
Studentship), in engineering; D. McCormack Smyth 
(Toronto), of Churchill College (Ford Studentship), in 
education: W. K. Stell, of Swathmore College, Penn. 
(Ford Studentship), in physiology. Postgraduate 
Studentships : S. Chatterjee, of University College of 
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Science, Calcutta, for a course in statistics; E. A. 
Kohll, of the University of the Witwatersrand, for a } 
course in chemical engineering. 
Techne (Cambridge), Ltd.: ‘Tempunit’ Tempera. 
ture Controller 
THe ‘Tempunit’ temperature controller manu- 
factured by Techne (Cambridge), Ltd., was errone. 
ously priced at £15 in an advertisement in Natur 
of July 15. We understand from the manufacturers 
that the correct price is £25. 


Announcements 

Str BernNarD LOVELL, director of the Nuffield 
Radio Astronomy Laboratories of the University of 
Manchester, has been chosen by the International 
Academy of Astronautics as the first winner of the 
Daniel and Florence Guggenheim International 
Astronautics Award. This Award, which carries with 
it a prize of one thousand dollars, is to be given each 
year to an individual who has made outstanding 
contributions to the progress of astronautics during 
the preceding five years. 


Mr. D. B. MacKay, assistant chief officer for the 
past two years of the Official Seed Testing Station, 
National Institute of Agricultural Botany, has been , 
appointed chief officer of the Station in succession 
to Dr. P. S. Wellington. 


Dr. Davin M. Gates has been appointed editor of 
Section D, Radio Propagation, of the Journal of 
Research of the U.S. National Bureau of Standards. 
He succeeds Dr. James R. Wait, who has been editor 
of Radio Propagation for the past two years. Dr. 
Gates has been serving as assistant chief of the Upper 
Atmosphere and Space Physics Division in the 
Central Radio Propagation Laboratory at Boulder 
Laboratories. Previously he had been the scientific 
director of the London Branch of the U.S. Office of 
Naval Research. 


Tue third international conference on ‘Neuro- 
secretion”’ will be held at the University of Bristol 
during September 8-13. Further information can be 
obtained from Prof. H. Heller, Department of 
Pharmacology, University of Bristol, Bristol 8. 


THE Society for Water Treatment and Examina- 
tion is holding its autumn meeting at Great Yarmouth 
during September 20-22. Further information can 
be obtained from the honorary secretary, A. W. H. 
McCanlis, 41 Carshalton Road, Sutton, Surrey. 


THE Nutrition Society (Scottish Group) is holding 
a symposium at the large lecture hall, College of 
Agriculture, Edinburgh, on September 30. The subject 
of the symposium will be “Nutrition and Poultry”. 
Further information can be obtained from the honorary 
secretary of the Scottish Group of the Nutrition 
Society, Dr. D. G. Armstrong, Hannah Dairy } 
Research Institute, Ayr, Scotland. 


A PROVINCIAL meeting of the Association of Applied 
Biologists will be held at the School of Agriculture, 
University College of North Wales, Bangor, during 
September 17-19. The programme will include 
material of interest to agricultural botanists, foresters 
(forest zoology and botany) and veterinary research | 
workers. Further information can be obtained from | 
J. Hobart, Department of Agriculture and Forest 
Zoology, School of Agriculture, Deiniol Road, Bangor. 
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RECENT SCIENTIFIC INQUIRIES IN PARLIAMENT 


r7*HE Parliamentary Secretary for Science, Mr. D. 

Freeth, dealt with a further 25 questions relating 
toscience in the House of Commons on July 18, answers 
to which occupy 20 columns of the Official Report. 
Replying to a question about non-ferrous mineral 
resources in Cornwall, Mr. Freeth said that the 
results of a comprehensive study have been pub- 
lished in a Geological Survey memoir on the Metalli- 
ferous Mining Region of South-West England in 1956. 
Airborne geophysical surveys were undertaken in 
1957, 1958 and 1959, and at present airborne mag- 
netic surveys were being extended to the off-shore 
areas. 

On international co-operation, Mr. Freeth said that 
high cost is an important but not the only factor in 
deciding whether an international project is desirable. 
The United Kingdom is participating in the European 
Organization for Nuclear Research, in the Dragon and 
Halden reactor experiments of the European Nuclear 
Energy Agency, in the Anglo-United States Scout 
satellite programme and a project for European 
space flights is under consideration. 

Membership of the Machine Tool Industry Research 
Association incorporated in November 1960, includes 
64 machine tool manufacturers representing about 
half the output of the industry, and 20 manufacturing 
firms in allied industries. 

Repeated investigations by the Medical Research 
Council have shown no evidence of a higher incidence 
of lung cancer or respiratory disease among persons 
exposed to increased amounts of Diesel exhaust fumes. 
No figures are at present available to indicate the 
effect of Diesel smoke on road safety, but the Depart- 
ment of Scientific and Industrial Research is collabor- 
ating with the Minister of Transport in efforts to 
ensure the correct maintenance and operation of 
vehicles which will eliminate satisfactorily the 
nuisance from this source. Mr. Freeth also said 
that the Warren Spring Laboratory of the Depart- 
ment of Scientific and Industrial Research has 
examined methods for removing smoke from the 
exhausts of Diesel-propelled road-vehicles, but no 
device yet tested has proved satisfactory. The 


British Internal Combustion Engine Research Asso- 
ciation is undertaking fundamental work on the 
combustion process in Diesel cylinders which it is 
hoped may lead to remedial measures. Mr. Freeth 
said it is a fact that correct setting of the injectors 
and their proper maintenance and operation provide 
a simple and effective remedy. 

In answer to a series of questions on cancer, Mr. 
Freeth said that work on geographical variation in 
cancer incidence is already being supported by the 
Medical Research Council and no promising lead 
on cancer or similar diseases will be held up through 
lack of Government funds. The Medical Research 
Council’s expenditure from public funds on cancer 
research was £327,000 in 1955-56; £400,000 in 
1956-57 ; £486,000 in 1957-58 ; £499,000 in 1958-— 
59 ; £583,000 in 1959-60 ; £650,000 in 1960-61 ; 
and would be about £783,000 in 1961-62. No 
reliable estimate can be made of expenditure on 
research relevant to cancer in the universities and 
medical schools in Britain from funds provided 
by the University Grants Committee, or in the 
National Health Service during the treatment of 
patients. 

Other answers were as follows: The annual output of 
qualified scientists would be about 6,900 in the 
present academic year, compared with less than 
5,000 in 1956, and the annual output of qualified 
technologists has grown from 6,200 to more than 
9,600 in the same period. The Research Councils, for 
which the Minister for Science is responsible, are 
providing about £250,000 in the current year for 
expenditure on printing, publications and other forms 
of publicity. The Department of Scientific and 
Industrial Research at present operates 13 research 
grants with six different universities or colleges, and 
6 further grants are contemplated. It is also intended 
to extend the use of scientific methods by the 
Geological Survey. A Committee of the Royal 
Society, at the request of the Advisory Council on 
Scientific Policy, is considering existing arrange- 
ments for supporting fundamental research in 
biology. 


ATOMIC ENERGY RESEARCH AND DEVELOPMENT IN BRITAIN 


HE seventh annual report of the Atomic Energy 

Authority covers the period April 1, 1960—March 
31, 1961*, in which the Authority had in hand a 
special survey of its future requirements, both of 
man-power and finance, to ensure that its demands 
on Britain’s resources do not exceed the minimum 
required for the efficient discharge of its responsi- 
bilities. This survey is additional to the periodic 
reviews made to ensure that the choice of reactor 
systems for major development and the priorities 
between them are firmly based. Although the review 
isstill proceeding, its existence offers some re-assurance 
that developments on the part of the Central Elec- 


*United Kingdom Atemic Energy Authority. Seventh Annual 
Report for the period Ist April, 1960-31st March, 1961. Pp. viii+ 
80+4 plates. (London: H.M.S.O., 1961.) 58. net. 





tricity Generating Board will not lead to inappro- 
priate duplication of effort. An increase in staff from 
38,500 to 40,840 during the year is reported, indus- 
trial employees rising from 19,572 to 20,606. 

On the civil side, the development of nuclear 
reactors to generate electricity on an economic basis 
remains the Authority’s principal objective, and work 
for the nuclear power stations under construction, 
particularly the development and manufacture of 
magnox fuel elements, occupied a substantial part of 
the Authority’s scientific and technical resources. 
Work on possible reactor systems for nuclear ship 
propulsion, production of radioisotopes (sales of which 
rose by 10 per cent to total nearly £21 million during 
the year) and development work on their applica- 
tions, basic nuclear science, work on health and safety 
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problems, and fulfilment of international obligations 
for most of the Authority's remaining 
scientific work. Production of fissile material was up 
to programme, and unit cost was reduced by improve- 
ments in efficiency. The Calder and Chapelcross 
reactors, designed primarily to produce plutonium. 
are supplying more than 2,000 million units of elec- 
tricity to the grid annually, and the stage has now 
been reached when the reactors are capable of gener- 
ating more steam than can be used by the installed 
turbine capacity ; turbo-alternators are being modified 
accordingly. In an experiment in a Calder reactor 
some of the standard fuel elements reached an ex- 
posure far in excess of their designed endurance. The 
production of a much more advanced type of fuel for 
the prototype advanced gas-cooled reactor at Wind- 
scale began during the year, and the main chemical 
extraction plant at Windscale successfully processed 
all the irradiated fuel from the eight Calder and 
Chapelcross reactors. A new separation plant is 
being constructed to process the irradiated fuel which 
will arise from the nuclear power stations operated 
by the electricity boards. The efficiency of the 
diffusion plant at Capenhurst was improved by about 
4 per cent. and in addition to the highly enriched 
material taken from the top end of the plant. uranium 
hexafluoride was drawn off from the cascade at low 
enrichment to meet requirements for the prototype 
advanced gas-cooled reactor and for other research 
and development projects. In view of the great 
progress made since 1951, when work on the centri- 
fuge method of isotope separation was abandoned. in 


account 


fields such as vacuum engineering, the handling of 


uranium hexafluoride, and the design of gas bearings, 
a small development programme has been initiated 
to examine possible effects on this method of separ- 
ating isotopes and the bearing of the new technologies 
on technical aspects of disarmament. 

Research and development undertaken in 
nexion with specific reactor systems are described in 
a separate chapter dealing with the reactor develop- 
ment programme. Research and development carried 
out with wider objectives, for example, the broad 
attack on scientific nuclear power problems, such as 
the effects of radiation on materials. the nuclear 
properties of materials and their effect on reactor 
performance, the chemical behaviour of materials in 
a reactor and heat-transfer problems, fundamental 
research in branches of science of particular impor- 
tance to the Authority, and the research on isotopes 
or large sources of radiation, now centred on Wantage. 
are described in a further chapter. During the year. 
517 technical reports have been published as well as 
335 research articles by the Authority’s staff in 
scientific periodicals, and lists of these publications are 
available on request. A further chapter of the report 
is devoted to controlled thermonuclear research. 

Obviously it is only possible to select a few points 
for emphasis. and indeed even the Authority's report 
does not claim that its review of research and develop- 
ment is other than selective. A comparative economic 
study of various marine reactor designs made during 
the vear indicated that. because of the comparatively 
small size of such reactors and the stringent safety 
precautions necessary if present reactor designs were 
installed in a ship, none of the designs at present in 
an advanced state of development is feasible, and 
the Authority is now considering the use of more 
advanced systems which are in a much earlier state 
Much attention was paid to the 
irradiated carbon 


con- 


of development. 
reaction between graphite and 
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dioxide under the operating conditions of the Wind- 
scale advanced gas-cooled reactor, and the design for a 
large civil advanced gas-cooled reactor was carried 
forward in more detail. The Dounreay fast reactor is 
already fulfilling its purpose of developing the tech- 
nology of fast reactors generally, and the next stage is 
intended to be a plant from which commercial fast 
reactors will be designed; work on this during the vea; 
was concerned mainly with reactor physics, 
engineering design study and the development of the 
fuel element. while work was started on the fabrica- 
tion and irradiating-testing of possible fast reactor 
fuel elements. Much of the effort in support of the 
high-temperature gas-cooled reactor concept has been 
directed towards the 20 MW. (H) Dragon reactor 
experiment being built at Winfrith under the auspices 
of the Organization for European Economic Co- 
operation, but possible applications of this system to 
marine propulsion units and to large. land-based 
power stations are also being investigated. The way 
in which both gaseous and non-gaseous fission 
products diffuse out of graphite crystals and also 
through the pores of a polycrystalline mass of graphite 
is being studied. In preliminary work on the steam- 
generating heavy-water reactor system. a series of 
reactor physics experiments was performed in the 
Dimple and Lido research reactors. 

In general research, investigations of the effect of 
irradiation on graphite, using the high-flux research 
reactors Dido and Pluto, suggested that changes pro- 
duced by irradiation are essentially due to groups of 
interstitial atoms which congregate if the graphite is 
heated during or after radiation. The effect of 
neutron irradiation on the physical and mechanical 
properties of beryllium is being studied using electron 
microscope ‘thin-film’ techniques. In the increasing 
research on ceramic fuels a novel technique has been 
developed for the preparation of uranium carbide. 
with low open-pore space, by the ‘reaction sintering’ 
of uranium and carbon powders. Experiments on 
magnesium oxide have shown that its brittleness is 
due to the presence of surface cracks. less than one 
thousandth of an inch in length, which grow during 
deformation and lead to fracture. Investigations at 
Harwell directed towards studying the gas- and 
solid-flow patterns in fluidized material have shown 
that the roof of a bubble is robust, that a pocket of 
gas does not rise through a rain of solid particles, and 
that streams of gas adjacent to bubbles enter through 
the sides and bottom of the bubbles and rise inside 
them, suggesting that bubbles may help to promote 
gas mixing. A new method of automatic monitoring 
for bervliium has been developed in which a stream 
of the air to be examined is passed between platinum 
metal electrodes. A spark discharge between the 
electrodes excites the emission of light with wave- 
lengths characteristic of any materials suspended in 
the air, and the light characteristic of beryllium can 
then be isolated and detected photoelectrically withina 
minute. A promising technique is being investigated 
in which wet steam is used as the cooling agent; if 
water is present as a film or spray, very high effici- 
encies for removal of heat can be obtained. In con- 
trolled thermonuclear research, work continued on 
the containment properties of the toroidal pinched 
discharge in Zeta, the ring-shaped apparatus in which 
deuterium gas is heated to high temperatures by an 
electric discharge. Investigation of plasma contain- 
ment by magnetic fields oscillating at radio-frequen- | 
cies have also been made, and in theoretical work | 
attempts are being made to develop basic theoretical 
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plasma physics, especially stability theory, to give 
predictions a foundation and to analyse 
individual experiments in detail, using available 
theory. to supplement and interpret the diagnostic 
measurements, suggest new experiments, and check 
the theory itself. 

In written answers in the House of Commons on 
July 19. the Parliamentary Secretary for Science, 
Mr. D. Freeth, said that the volume of design work 
on reactor systems and other plant associated with 
the civil nuclear power programme carried out by 
industry on behalf of the Atomie Energy Authority 
sat the same level for 1961—62 as for 1960-61. The 
Authority received £2 million from the sale of fuel- 
elements in 1960-61, in addition to £6-5 million 
advance payments received in 1959-60, and expected 
to receive about £13 million from such sales in 
1961-62. The three completed fuel canning lines at 
Springfields are fully employed. and all five lines are 
expected to be in production by May 1962, when the 
factory should be capable of meeting al! demands 
now foreseen for natural uranium  fuel-elements 
canned In magnox. It will be necessary in due 
course to plan new facilities for the fabrication of 
wanium oxide fuel elements if it is decided to include 
elements in the nuclear 


secure 


power stations using such 
power programme. 

The Atomie Energy Authority now employs 350 
professional staff on design studies and research and 
development for the prototype fast reactor, compared 
with 200 a year ago; but when full design and con- 
struction of a prototype commercial reactor can begin 
will depend on progress in developing a suitable fuel. 
Of the Authority’s professional staff engaged on civil 
research and development, the proportions working 
on the main reactor systems in 1961 were: magnox 


THE BRITISH GELATINE AND 


HE twenty-first meeting of the Research Panel 

of the British Gelatine and Glue Research 
\ssociation was held on May 17, under the chairman- 
ship of Mr. S. G. Hudson (Richard Hodgson and 
Sons. Ltd.). The chair was taken in the afternoon by 
Mr. C. F. C. Simeons (British Gelatine Works. Ltd.). 
Mr. W. G. Cobbett (British Gelatine and Glue 
\ssociation) gave the first paper entitled, 
Rupture Properties of Gelatine Gels”. An apparatus 
has been built for the extension of dumb-bell shaped 
strips. The gels are cast from 10 per cent gelatine 
solutions in “Perspex” moulds and are matured at 
10°C. Extension is then performed at chosen con- 
stant rates, the gel strips being floated on mercury 
at 10° C Rupture 
related to jelly strength (rigidity) than to the 40° ¢ 
viscosity of the gelatine solution. Thus gelatines 
with similar viscosities break at loads which follow 
the order of their jelly strengths while gelatines with 
similar jelly strengths are not greatly influenced in 
The 


extension at rupture is greater for gelatines of higher 


Research 


properties are more closely 


their breaking loads by differences in viscosity. 


jelly strength when the viscosities are equal, but is 
also higher for gelatines of higher viscosity where the 


jelly strengths are similar. The slope of the linear 


lower) portion of the load-extension graph is directly 
related to the jelly 
Bloom gelometer. 
Discussion on the paper was opened by Prof. A. G. 
Ward, who had initiated the project in 1957. He 


strength as measured on the 
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reactors. 15; advanced gas-cooled reactors, 20; fast 
reactors, 14; high-temperature gas-cooled reactors. 8. 
In 1960 the corresponding figures were 20, 20. 9 and 8, 
respectively. 

The Authority has in hand an intensive pro- 
gramme on the development of plutonium fuel 
elements for the prototype fast reactor. The fuels 
include mixed plutonium and uranium dioxides in a 
matrix and mixed plutonium and uranium 
carbides. The programme involves the preparation, 
irradiation testing and examination of specimen fuel 
materials, investigation of methods of making com- 
plete fuel elements and their testing under irradiation, 
and investigation of the behaviour of the fuel elements 
under conditions simulating those expected to be 
experienced in a power reactor. The number of pro- 
fessional staff engaged on the development of fast 
reactor fuels has approximately doubled since last 
vear. It is not at present planned to run the Dounreay 
fast reactor completely on plutonium fuel, but 
shortage of plutonium is not holding up the develop- 
ment of fuel elements in the fast reactor. Ten 
engineers from the industrial consortia are attached 
to experimental reactor projects compared with 26 a 
year ago, and the Authority maintained a close 
association with the industrial consortia through a 
Nuclear Power Collaboration Committee and _ its 
supporting technical committees. including a joint 
committee which advises on the design and develop- 
ment of the Authority's experimental reactor projects 
and on advanced reactor systems. All information 
derived by the Authority on reactors is available to 
the industrial consortia through the Authority's 
reports, and the technology and progress have been 
discussed jointly under arrangements made by the 
Nuclear Power Collaboration Committee. 


steel 


GLUE RESEARCH ASSOCIATION 


recalled that the work was begun to provide informa- 
tion on the mechanical properties of gels in relation to 
food uses. The field was largely unexplored and it 
would be desirable to examine a series of fractions 
and a selection of total samples exhibiting extreme 
values in other physical properties. The lively dis- 
cussion which followed showed that there was con- 
siderable interest in exploring the effects of additional 
variables on the extension properties of gelatine gé 
for example, gel concentration and pH, chemical 
modification, including cross-linking, and dilution 





with additives such as water-soluble block poly- 
mers. 
Dr. A. Courts presented his recent work on 


“Structural Re-orientation of Gelatine in Citrate’. 
He has investigated the rise of viscosity with time 
which aqueous solutions of gelatines undergo over a 
period of days at moderate temperatures (< 25° C.). 
The effect is enhanced several-fold in the presence 
of certain buffers, and most work has been done with 
approximately 0-3 per cent solutions in 0-15 W 
citrate at 20° C.; the rise is rapid during the first day, 
is slower but linear over the next 3-4 days and there- 
after falls off. The rise is maximal near pH 7 and is 
unrelated in magnitude to the viscosity (log. viscosity 
number) of the sample and hence to its weight average 
molecular weight. It is dependent on the rigidity 
modulus of the gelatine and a quantitative relationship 
exists between the linear portion of the rate of viscos- 
ity increase and the rigidity. The increase in viscosity 
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is explained in terms of partial reversion to a highly 
ordered state probably resembling that of the 
original collagen. This concept is supported by other 
properties of the matured solutions, for example, 
their ability to give fibres with precipitants and their 
resistance to complete digestion by trypsin. Dr. K. 
Little (Nuffield Orthopedic Centre, Oxford) showed 
some electron micrographs which she had obtained 
on the precipitated materials and which exhibited 
undoubted fibrous forms. 

The afternoon paper, “Glueing in the Furniture 
was contributed by Mr. M. J. Merrick 
Association). Attention was 
mechanization of the 
with the concomitant 


Industry”’, 
(Furniture Research 
directed to the increasing 
modern furniture industry 
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features of high production-rates and low labour 
content. Three main adhesives are in use, namely, 
animal glue, urea-formaldehyde and polyviny1 acetate, 
The more obvious differences between the properties 
of these, such as strength or resistance to water, have 
but a minor influence on the manufacturer's choice 
which is, instead, governed by the necessity for speed 
and reproducibility in the glueing of wood joints 
and veneers. Mr. Merrick then described the detailed 
operations involved in glueing in the furniture indus- 
try. A further point which emerged in the discussion 
was that synthetic glue manufacturers have built up 
an enviable technical service to ensure that the best 
use is made of the properties and behaviour of their 


products. D. A. SurtTox 


RESEARCH BY SIXTH-FORM SCHOOLBOYS 
By J. HEYWOOD 


Department of Telecommunications and Electronics, Norwood Technical College, London, S.E.27 


"THE editorial in Nature (187, 883; 1960) directed 

| attention to the need for educational research 
and mentioned some specific topics. My work was 
cited as one of the examples in that editorial’, and I 
have been concerned with several projects of this 
nature. The first has been concerned with project 
work for sixth formers, a second continuing the study 
previously mentioned’ and a third into the opinions 
of technical college students on liberal studies. In 
this article the investigations made on project work 
will be discussed and some results presented. 

This work has already been mentioned in Nature* 
since it has been carried out through the auspices of 
the Radio-Electronics Section of the British Astro- 
nomical Association. Four sixth formers have under- 
taken the same form of project and two of them have 
worked as a pair. The object was to provide a system 
of work which would have a liberalizing influence 
on the students’ scientific studies and at the same time 
provide insight into the basic techniques of research 
inquiry. As an enticement the scheme aimed at 
providing some useful data for the Radio-Electronics 
Section. 

Two of the students already possessed an interest 
in astronomy before the project was envisaged and 
were members of the Section. The other two were in 
attendance at the Salesian College, Battersea, and 
had no previous interest in astronomy or radio. 
Part of their project which is of considerable interest 
is at the moment in the press*, and that of the third 
student will appear in the same publication‘. 

Each project is in three parts, the first two parallel 
and the third being the item of use to the Section. 
The students were informed that their results should 
be written up in a form suitable for presentation as 
a ‘letter’ to Nature—there was of course no guarantee 
of publication anywhere but the concept of a letter 
in Nature gives the student an idea of how much has 
to be done to produce a small item. 

An important feature of this work is the system of 
‘least instruction’. The students are encouraged to 
get on with the jobs themselves: at the same time 
they are equally encouraged to seek advice from their 
tutors but it is left to them to make the appointments. 
O'Neil and Borlengi* visited me at my home on four 
occasions during a three-month period and then 


submitted the article noted. This article was seen 
once previously and modified. In the case of Murdin‘, 
who already had an interest in radio astronomy and 
had worked with me previously, only two discussions 
were necessary. Murdin did, however, withdraw his 
article and make some additions before it was finally 
sent to press. These two articles summarize the 
scope and intentions of the first part of the pro- 
ject, while Sabbagh is concerned with the third 
part. 

The fundamental units of radio astronomy provide 
an interesting introduction to the M.K.s. system and 
the relation between physical and radio units of 
brightness, brightness distribution and magnitude. 
A further comparison can be made with the unit of 
field strength as used in radio communications. In 
the first part of the project the student is given a 
number of references’ which vary in level and told to 
investigate the problems of radio astronomy with 
particular reference to its units; he is asked to note 
how they differ from similar units used in optics and 
radio communications. His reactions to the various 
fields of observational radio astronomy are noted, 
and it is expected that a written account of this 
work in the form of the summary will be presented 
when complete. It is interesting to note that all 
the approaches to this same task have differed 
widely. 

Normally the second part of the test is the con- 
struction of a simple piece of radio equipment with 
the view of its being used for observations. A typical 
project might be the construction of a sudden en- 
hancement of atmospherics (associated with solar 
flares) recorder similar to that described by Ellison‘, 
or the construction of a simple radiometer’ after 
Sander* or Osborne*®. The third part would then 
consist of observing solar radiations or sudden 
enhancement of atmospherics (associated with solar 
flares) over a period of about two months. There isa 
number of possibilities open to simple investigation 
involving the analysis of such records. 

At the time of writing all the students had com- 
pleted the first part of the project. Sabbagh’® had. 
however, undertaken a statistical analysis of some 
records made by Hyde and Castelvecchi*® as a com- 
bined part two and three. 
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Two items arise from this research. First, it has 
been said that there is a large number of sixth 
formers with middle of the road Advanced level passes 
who would make good university students but who are 
nevertheless not able to obtain places. Secondly, it 
has also been said that there is far too much specializa- 
tion in the sixth form arising from the need to cram. 
The shortage of university places accounts for the first 
and the shortage of time available to investigate 
candidates thoroughly undoubtedly assists this 
shortage. It would seem that projects such as those 
described would not only offset specialization, but 
also, if run on the lines of a second degree whereby 
an external oral examination was given on the 
candidates dissertation, provide the universities 
with a powerful means of selection. An alternative 
would be to offer a general paper on science subjects 
in which a candidate is required to write two fairly 


UNIVERSITIES COUNCIL 


URING 1959-60, as in 1958-59, there was a 
D small increase in the total number of adult 
education courses over the figure for the previous 
year, from 4,741 to 5,051, and prima facie a striking 
increase in residential courses, from 351 to 575*. 
Apart from residential courses, the most notable 
increase was in the number of sessional courses. At 
1,647 they reached a record maximum. This upward 
trend has been steady over the past few years, the 
average rate of increase since 1955-56 being about 5 
per cent per annum. Alongside this increase the 
downward trend of tutorial classes has continued 
although the fall has been at a reduced rate, from 851 
to 839, a reduction of only 12 compared with 46 and 53 
in the two previous years. At Manchester, where the 
decline in the number of tutorial classes caused con- 
cern to the Joint Committee, a leaflet outlining the 
advantages of tutorial class study was printed and 
given to every Workers’ Educational Association 
student who was not a member of a tutorial class. 
From Hull comes a reminder that “in general, tutorial 
courses offer more obviously and more fully, oppor- 
tunities for the development of classes into strenuous 
seminar groups’. Southampton, though regretting the 
reduction of this type of work, wonders whether the 
development of tutorial work has been pushed, in 
recent years, beyond reasonable limits. The report 
of King’s College, University of Durham, contains 
this thought-provoking paragraph: 

“Part of the answer to the decline in tutorial classes 
is that adult education is ceasing to be the ‘late 
night’ substitute it once was. There are fewer gaps 
in the educational system through which the potenti- 
ally highly educable boy and girl can slip out of the 
main stream. While it is by no means infallible, and 
cannot be so long as the sill of the catchment area 
remains at the ‘eleven plus’, comparatively few 
pupils of good standard fail to make the grade if 
they try hard enough. The most grievous failure of 
the present system is that it so easily misses those who, 
at the vital age, are unaware of the need to make the 
effort and who lack parental pressure to encourage 
them to do so. Alongside the elimination of much 
of the earlier material from which adult students 


* Universities Council for Adult Education. Report on the year 
1959-1960. Pp. 28. (Bristol: W. E. Salt, Honorary Secretary and 
Treasurer, The University, 1961.) 
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lengthy dissertations on any two of a variety of 
subjects announced during the two years preceding 
the examination. The former method seems to be the 
better since it offers the student an introduction 
not only to the wide aspects of scientific inquiry 
but to a knowledge of its tools. 

* Heywood, J., Nature, 186, 189 (1960). 

* Heywood, J., Nature, 188, 900 (1960). 

*0’Neil, C., and Borlengi, M., Mem. Brit. Astro. Assoc. on ‘‘The 
Design of Radio Telescopes” (in the press). 

* Murdin, P. G., Mem. Brit. Astro. Assoc. (in the press). 

5 Pawsey, J., and Bracewell, R. N., Radio Astronomy (Oxford, 1960). 
Lovell, A. C. B., and Hanbury Brown, R., The Exploration of 
Space by Radio (Chapman and Hall, 1957). Smith, F. G., Radio 
Astronomy (Pelican, 1961). The Services Handbook of Electronics, 
vol. on “Transmission and Propagation” (H.M.S.O.). 

* Ellison, M. A., J. Brit. Astro. Assoc., 69, 127 (1959). 

? Pettifer, J., Mem. Brit. Astro. Assoc. (in the press). 

8’ Sander, K. F., Proc. Inst. Elect. Eng., Part 34, 98, 1487 (1946). 

* Osborne, J. M., School Sci. Rev., No. 142, 478 (1959). 

' Sabbagh, J., communicated to J. Brit. Astro. Assoc. (1961). 





FOR ADULT EDUCATION 


were made has gone some of the incentive to seek a 
higher education. The social scene of the early 
decades of the twentieth century has changed. The 
Welfare State needs a smaller quota of pioneers, 
dedicated to the attainment of social justice, and a 
much larger one of trained social workers, with 
qualifications, for the administration of its machinery. 
Moreover, progress in any occupation is now achieved 
through certificate, diploma or degree to a much 
greater extent than ever before, and the provision 
for those ends becomes steadily more extensive. So. 
the tutorial class, which in theory offered an oppor- 
tunity for study for its own sake, but which in fact 
offered all kinds of other inducements, is less an 
attraction because it is less needed. 

“The character of adult education is undergoing 
change no less than other factors of twentieth-century 
life and, although the tutorial class should continue 
to attract those who recognize its essential quality, 
universities may soon need to consider the introduc- 
tion of incentives to it other than study ‘for its own 
sake’.”” 

One respect in which the character of adult educa- 
tion is undergoing change is the continued develop- 
ment of residential courses. Several departments 
comment on this as forming perhaps the most 
satisfactory side of their work. The residential course 
is a reflexion of changed social and economic condi- 
tions. ‘‘People are, on the whole, rather better off 
and at the same time they have many competing 
claims on their time. They prefer, wherever possible, 
to take their adult education in small and intensive 
doses, a limited commitment in a limited time, instead 
of spreading it over a long period of time, as in the 
past.”” Manchester is to be congratulated on the 
success which has deservedly crowned its persistent 
effort to demonstrate the importance of an extra- 
mural residential college. 

Because of changes of classification, a strict com- 
parison of the 1959-60 figures of subjects of study 
with those for previous years is not possible, but 
there seems not to have been any significant shift of 
interest. Indeed, the consistency of students’ 
interests year after year, as revealed by the table of 
subjects studied, suggests either that there exists a 
peculiarly proper balance of subjects in extra-mural 
work and that it has been attained, or that students 
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are notably conservative in their concerns, or that 
the pattern is largely shaped by the availability of 
tutors. The largest number of extra-mural classes 
in Wales was in religion, and clergy and ministers of 


religion formed the second highest category in the 
analysis of tutors. 
The number of full-time tutors showed a slight 


increase over the previous years, and was almost the 
same in 1956-57. Nevertheless, the increase in 
full-time tutors did not match the increase in courses. 
and consequently a larger number of part-time tutors 
3.838 compared with 3,512 in the 
This was a continuation of the trend 
The proportion 


as 


was engaged, 
previous year. 
noticeable during the past few years. 
of part-time tutors who are members of a university 
staff has at the same time declined slightly, but 
steadily, from 48 per cent in 1956-57 to 45 per cent 
in 1959-60. 

Since the War, extra-mural work has expanded 
into fields such as archeology. music and the visual 
arts in which, though it is accepted that they are 
properly subjects of university study, a considerable 
proportion of the practitioners and exponents are to 
be found outside the universities. Moreover, dons 
become busier and more heavily committed. Belfast 
to the “growing reluctance of university 
teachers to make weekly journeys’, Newcastle 
comments that “‘the prevailing apparent disinclina- 
tion on the part of internal university lecturers to 


refers 


commit themselves to the longer course, especially if 


travelling is involved’, and both Liverpool and 
London regret the transport difficulties which make 
it hard, or even impossible, for members of the 
internal university staff to travel to the remoter 
parts of their extra-mural areas. At a time when 
students have become more mobile, dons have become 
less so. 
the mid-twentieth century social revolution; it 
creates new problems in maintaining the university 
complexion of extra-mural work. 

Specialized courses which relate to a professional 
vocational interest are now widespread. Man- 
chester has a one-year training scheme for hospital 
welfare workers, a one-year public administration 
for overseas Government servants, and a 
on background to for business 
executives which received the commendation of the 


course 


course management 


Human Sciences Committee of the Department of 


Scientific and Industrial Research. At Liverpool 
there were several courses in the natural sciences at 
the postgraduate level, two of them, in applied 
mathematics and experimental botany, leading to a 
certificate. London has approved the introduction 
of a three-year course of study leading to a certificate 
in transport studies. and 1959-60 saw the beginning 
of the course for the diploma in the history of music. 
At Leeds, courses in such subjects as textiles, engin- 
arranged in association 


eering, mining and fuel were 
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with internal departments of the University, and other 


courses were arranged for members of the staffs of 


the Home Office, the Prison Commission, the Nationa! 
Association for Mental Health, the National Coal 
Board, and the National Union of Mineworkers. 

Courses of this kind are carrying universities into 
new fields where extra-mural departments are having 
to institute their own research. Leeds has received 
a grant from the Nuffield Provincial Hospitals Trust 
for work on the staffing of the hospital service, 
Liverpool appointed a research worker to study the 
impact of social change on adult education, and 
Oxford has embarked on a three-year scheme of 
research and experimental work in the field of trade 
union education. 

These kinds of courses appeal rather to individual 
students than to pre-existing social groups. although 
it is always hoped that every class will grow into a 
cohesive social group. People move about much more 
often than they used to, and groups are less perman- 
ent. Continuity and progression of study needs to 
be thought of in terms of the individual more than of 
the group. The Leicester report. in its survey of the 
thirty years 1929-1959/60, contains a statement 
which would command at least partial acceptance 
generally : 

“There has also been a decided change in the 
ethos of the department’s classes. Formerly. it was 
markedly social, now it is markedly individual. 
Classes and courses still grow into social unities, but 
this is now an incidental growth and it has not the 
educational significance which it once had. Rarely 
now do classes and courses become schoo!s of citizen- 
ship as well as vehicles for teaching and learning in 
specific disciplines.” 

Another respect in which the change is noticeable 
is the educational background of students. The 
percentage of weekly wage-earners and of those with 
only an elementary or secondary modern educatien 
has fallen more than 40 to less than 10. and the 
percentage of professional workers and of those with 
a college or university education has risen from less 
than 10 to more than 40. Of the thousand student 
attending grant-aided extension classes at Leeds, more 
than 40 per cent had been to a university. teacher 
training college or technical college. and another 30 
per cent had attended school at least until the age of 


sixteen. Almost half of them were under the age of 
thirty-six. 
There are numerous examples of extra-mvral 


classes undertaking field-work which has added to 
knowledge in botany. zoology. archeology and 
history. Under the tutelage of the Durham Extra- 
Mural Board. for example, a group of 15 students has 
investigated the site of a medieval village at West 
Whelpington, and their findings make a distinct 
contribution to the comparatively new venture of 
British archwology into the later Middle Ages. 


MUSEUMS AND GALLERIES 


FI HE recent report of the Standing Commission 
| on Museums and Galleries stresses the responsi- 
bility of the British Government with regard to 
these institutions, and urges some immediate action *. 


ommission on Museums and Galleries. Sixth Report 
(London: H.M.S.O., 1961.) 48. net. 


* Standing ( 
1059-1960 Pp. iv + 64. 


Contrary to pest practice, this sixth report covers 
only two years (1959 and 1960) instead of the usual 
quinquennial period. In emphasizing the need for 
more frequent reports, the Commission feels that this 
is a period of active rehabilitation in museums after 
a time of severe financial stringency. There is an 
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increased public interest in them and higher standards 
are now expected. 

Although dealing chiefly with the national 
museums, the provincial institutions will welcome 
the recommendation of the Commission that the 
grant (now at £25,000) administered by the Victoria 
and Albert Museum for purchases should be increased 
in the next financial year. 

With regard to buildings, there are at least thirteen 
projects which are to be regarded as of particular 
urgency. These include reconstruction of the war- 
damaged galleries at the British Museum, planning 
and construction of the final quarter of the Tate 
Gallery, erection of a new herbarium and library 
wing at Kew, construction of north-east and north- 
west wings of the Royal Scottish Museum, work on 
a west wing of the National Museum of Wales and 
extension of the Museum block of the Welsh Folk 
Museum. 

The Commission urges museums to aim at a steady 
and rapid improvement in all their services and 
recommends that staff should be appointed to carry 
this out. It considers that these services should 
including cataloguing existing collections, the exten- 
sion of late opening, provision of automatic guide 
lectures, and restaurants. 
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The Commission reiterates its recommendations in 
the previous report concerning estate duty, and 
income tax and surtax. It is pointed out that as it 
is not the policy of museums to finance themselves 
by entrance fees, apart from minor sources, only the 
taxpayer and private benefactors remain. It is thus 
felt that all bequests of money or money’s worth 
should be exempted from aggregation and payment of 
estate duty, and that this should hold even if the 
donor dies within a year from the making of the gift. 
It is also considered that tax reliefs should be made 
in respect of gifts of objects or money, as the present 
British system of taxation offers no incentive to a 
benefactor to give to museums and art galleries 
during his life-time. 

Those associated with provincial museums—and 
there are about 800 in the British Isles—will welcome 
the information that the Commission hopes to com- 
plete the survey and report, with recommendations, 
during the summer of 1962, possibly issuing an 
interim factual report some time in 1961. This will 
be awaited with great interest. 


The report also includes an impressive survey of 


the individual institutions comprising the national 
museums in London, Edinburgh and Cardiff. 
F. 8. WALtIs 


POPULATION MOVEMENTS AND MALARIA ERADICATION 


N the early months of 1960, a World Health 

Organization consultant, Mr. R. Mansell Prothero, 
visited the Sudan, Uganda, Kenya, Somaliland, 
Tanganyika, Zanzibar, Southern Rhodesia, Nigeria 
and Ghana to study the effect of population move- 
ments on malaria eradication programmes. In his 
report (W.H.O. Chron., 15, No. 5—6; 1961) he observes 
that, although no method of measuring the extent of 
population instability has yet been devised, there 
can be no doubt of the high degree of such instability 
in Africa. 

In all countries and territories visited by Prothero, 
there are considerable population movements from 
permanent villages to farms and back again. These 
usually involve the erection of temporary shelters 
for migrants on the farms. In the Sudan, for example, 
people move from one area to another during the 
cotton-picking season; in Nigeria, during the dry 
season, people go the valleys where there is still 
water to irrigate the land. Gambia receives many 
temporary immigrants from neighbouring countries 
for groundnut cultivation. Cultivation, planting and 
weeding coincide with the early months of the rainy 
season when malaria vectors are on the increase, and 
when temporary shelters provide suitable resting 
places for them. 

Although the harvesting of such products as 
groundnuts, cocoa, and cotton attracts a considerable 
amount of labour, in many parts of Africa it occurs 
after the peak of malaria transmission. The same 
cannot be said of movements of labour to mining, 
industrial and commercial undertakings, since these 
occur all the year round. 

Nomadic movements of pastoral tribes, which are 
on a larger scale than other types of population 
movement, occur only in certain parts of Africa, 
such as northern Sudan and Somalia. Fixed settle- 
ments are foreign to the way of life of these tribes; 
moreover, the environment in which they live com- 





pels many of them to wander with their flocks and 
herds. The only religious movement of any large 
size are those of the West African Mohammedans, 
north-east towards Mecca; these cause some con- 
vergance on the Sudan, but do not involve so many 
people as the internal migrations of the population 
of the country itself. 


Apart from those connected with farming, most of 


these population movements occur without respect 
for international or political boundaries. Their 
effect on the stability of populations is considerable, 
and in fact, all malarial eradication pilot projects 
now in operation in Africa are hampered by them. 
It has so far proved impossible to start a malaria 
eradication programme for a whole country in Africa, 
because there is not one that contains population 
movements within its own boundaries. To keep 
migrants out of an area by using some kind of 
cordon sanitaire would not be practicable, because 
there are so many ways in which an African can get 
through natural or man-made boundaries if he wishes 
to do so. International co-operation. in malaria 
eradication would only be a partial solution. These 
population movements are a fundamental part of 
the ‘way of life’ of the people. Some, such as pastoral 
nomadism, are traditional; others, such as migrant 
labour, are of more recent development. In either 
case, they cannot within a short time be stopped or 
easily controlled. 

The situation must be accepted, and if it raises 
problems in malaria eradication, it will be necessary 
to find ways of adjusting to it. Malariologists in 
Africa must try to circumvent the problems that 
population movements raise for them in their work. 
But how, for example, is it possible to deal with the 
nomad pastoralist whose movements do not appear 
to follow any fixed plan, and whose huts, being mostly 
composed of grass and leaves, are not susceptible to 
effective insecticide treatment ? It is clear that there 
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is no generally applicable solution to problems of 
kind, and each of them must be considered 
individually on the same level as the malariological 
and investigations that are now 
regarded as an essential part of malaria eradication 
programmes. Population distribution, settlement 
patterns, types of housing, farming practices, com- 
munications, water supplies and other relevant 
factors vary so much from one area to another that 
generalization is impossible. Geographical recon- 
naissance, as it now exists in eradication programmes, 
does not cover every aspect of population movement. 
Where necessary, it will have to be expanded to collect 
much wider information on the factors described. in 


this 


entomological 
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order to understand the whole complex of physical 
environment, malaria parasites. vectors and people. 
It may then be possible to evolve the correct tech- 
nique applicable to each individual local situation. 
The inclusion of professional geographers in some 
malaria teams for full-time work at the outset of a 
programme would be valuable; when they had 
coliected the required information. it would not be 
necessary to retain their since the 
graphical data could afterwards be kept up-to-date 
by a specially trained sanitarian. There is also a need 
for detailed individual study of every migration 
problem arising in the course of malaria eradication 
in tropical Africa. 


services, geo- 


POLLUTION FROM REFUSE TIPS 


FyXWO problems associated with modern living 
| conditions are the disposal of house refuse and 
the reclamation of land from which chalk. gravel or 
other material been removed. The possibility 
of solving these two problems at one blow by tipping 
the refuse into worked-out pits is attractive. provided 
that this can be done safely and without nuisance. 

One of the dangers of this procedure, which is 
widely practised. is that water supplies may be con- 
taminated by drainage from the refuse. To study 
this problem the Minister of Housing and Local 
Government. in 1953, .ppointed a technical com- 
mittee to supervise experiments on the tipping of 
refuse. with special reference to the pollution of 
underground water. These cxperiments were carried 
out in the Laboratory of the Government Chemist. 
and the report on the results has recently been 
published, together with the conclusions and recom- 
mendations of the Committee *. 

Two series of experiments were made : one on refuse 
tipped dry and the other on refuse tipped into water. 
The vo'ume and composition of the liquid draining 
from the pits were determined, and the purification 
effected by passing this licuid through sand and 
gravel was studied. 

The Committee points out that the matter is 
complex, and is careful to avoid over-simplified 


has 


. 
* Ministry of Housing and Local Government. Pollution of Wate 
bu Tipped Refuse. Report of the Technical Committee on the Experi- 
mental Disposal of House Refuse in Wet and Dry Pits. (H.M.S.O. 

London, 1961.) 7s. 


conclusions in its report. It appears. however. that 
the results of the experiments are reasonably encour- 
aging and that. provided certain precautions are 
taken. the practice of tipping refuse may safely be 
continued and even extended. Although a highly 
polluting liquid i; produced by percolation of rain- 
water through refuse, the amount of organic pollution 
falls off relatively rapidly with time. In addition, 
when refuse is tipped dry. a considerable amount 
of rain has to fall on it before any drainage water is 
produced. Thus if the amount of rainfall reaching 
the refuse can be reduced by covering the material 
with an impermeable layer as soon as possible after 
tipping, the total load of pollution discharged from 
the pit will be decreased. This is one of the reasons 
why the Committee considers that. under comparable 
conditions. dry tipping is less likely than wet tipping 
to affect water supplies adversely. It does not. 
however. rule out the use of wet sites, for the experi- 
ments showed that considerable purification of the 
liguid can be effected by percolation of the water 
from the pit through the surrounding ground. One 
suggestion of the Committee is that refuse might be 
tipped first into a dry pit, where initial decomposition 
would occur, and that after about two years it should 
be transferred to a wet tip, leaving the first site to be 
used again. 

It is not claimed that the experiments described 
were exhaustive, and several lines of investigation 
remain to be followed. Nora H. JoHnson 


TOXICOLOGY OF PENICILLIUM ISLANDICUM 


methanol 
been 


into the 
extract of the fuogus P. islandicum has 
carried out since the spring of 1954, with collaboration 
in the fields of mycology, chemistry and medicine. 
In five biological testings, methanol extract prepared 
from the fungus mat of Ub, Ue or Ea strains was 
administered in the form of oil solution or water 
suspension to 150 mice and 10 rats, orally or sub- 
cutaneously, to observe pathological changes; in 
chemical testings. chemical fractionations of the 
methanol! extract were carried out. 

Biological data observed a few days after a single 
or several doses of the methanol extract had been 
administered have been summarized by K. Uraguchi, 


r | YOXICOLOGICAL research 


T. Tatsuno, M. Tsukioka, Y. Sakai, F. Sakai, Y 
Kobayahi, M. Saito, M. Enomoto and M. Miyake oi 
the Departments of Pharmacology and Pathology. 
Faculty of Medicine, University of Tokyo. Bunkyo- 
ku, Tokyo, Japan (Jap. J. Exp. Med., 31, No. |: 
1961), as follows: Acute symptoms of poisoning are 
developed in mice and rats, but their life-time is pro- 
longed with reduced doses. Poison damages show that 
abnormal function of the liver is detectable by the 
bromsulphthalein retention test, and autopsy shows, 
in most of the liver, centrolobular necrosis, fatty 
metamorphosis of liver and interconnexion 
between the necrotic areas with subsequent collapse; 
in part of the liver there is vacuclation of liver cells 
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on peripheral parts of the lobules and hemorrhage 
among liver cell trabecule. 

From these results the investigators came to the 
conclusion that the extract must contain certain 
toxic agents injurious to the liver and acutely fatal 
to animals. 

Before and after the twenty-fourth hour the 
symptoms differ from each other in a marked fashion. 
Pathological changes observed in the liver are 
of two kinds. It would appear that the biological 
response to the methanol extract must be a mani- 
festation of two actions essentially different in 
properties but each injurious to the liver. Convincing 
evidence of this is obtained from the data concerning 
the solvents used for the methanol extract; rapid 


ution seems to be detectable when the extract is 
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suspended in water while delayed action is detectable 
when this extract is dissolved in oil. 

With regard to the toxic metabolites of P. islandi- 
cum, the investigators concluded that, in the methanol 
extract of the fungus mat, two liver-injurious com- 
ponents co-exist which act fatally within a short 
time; one is a hydrophilic compound relatively rapid 
in action and the other a lipophilic compound which 
is much slower. 

Chemical fractionation of the constituents in 
the methanol extract of the fungus mat indicated 
that lipophilic fractions, sterols and several pig- 
ments of the polyoxyanthraquinone group are 
obtained; among the latter is found a vellow pig- 
ment ‘luteoskyvrin’, which been unknown 
hitherto. 


has 


ICSU REVIEW 


rT“HE ICSU Review was initiated in 1958 as a 
| new enterprise of the International Council of 
Seientific Unions, with the strong interest of the past 
president of Union, Dr. Lloyd Berkner. The inten- 
tion was to have a publication especially devoted to 
the affairs of the Council with its thirteen federated 
scientific unions and its special committees. The 
Review woud bring the progress now being made 
n the co-operation of working scientists from all over 
the world to the notice of specialists and a wider 
pu lie which is not well informed on these activities. 
The new Review was edited by Sir Harold Sp ncer 
Jones. 

After the death of Sir Harold, the position of the 
Review was considered and certain changes were 
thought to be desirable. The scope of the Review 
cou'd be expanded so that it could cover even more 
effectively the full activities of the Union's constituent 
organizations. This objective could be reached only 
if the ICSU Review presents theories, projects or 
discoveries of world-wide importance, and is directed 
towards international science. It shou'd bring 
members of the scientific community a knowledge of 
movements and trends in other sciences in a more 


comprehensive way than is done in the present 
scientific jouvnals. To this end. the publication will 
in fusure include short articles from different branches 
of science. written in a style suitable for the non- 
specialist and the generally educated public. This 
will give a better presentation of the work of the 
scientific unions in its relation to the progress of 
knowledge and to world affairs; thus international 
co-operation will be presented in a living perspective. 
The new issue (3, No. 1; 1961) is a first step towards 
realizirg this goal and contains articles on AGK3 
a co-operative programme in astronomy by F. P. 
Scott; international research programmes in oceano- 
graphy by Dr. G. F. Hunphrey; the world land use 
survey by Prof. L. Dudley Stamp; changing views 
on the Earth’s crust by Prof. J. Tuzo Wilson; the 
mixed commission on the ionosphere by Prof. W. J. G. 
Beynon; biophysics by Prof. A. Engstrom; fluorine 
and African plants by Sir Rudolph Peters ; a European 
project for a large observatory in the southern hemi- 
sphere by Dr. J. H. Oort; the international latitude 
service by C. A. Murray; and geophysical and space- 
tests of gravitational theories by Prof. R. H. Dicke. 
Dr. Donald Fraser has been appointed editor. 


SYNTHESIS AND X-RAY ANALYSIS OF DIAMOND 
By H. LI. D. PUGH and J. LEES 


Plasticity Division, National Engineering Laboratory, East Kilbride, Glasgow 


AND 


J, A. BLAND 


Research Department, Plastics Division, Imperial Chemical Industries, Ltd., Welwyn Garden City, Hertfordshire 


HE recent development of relatively simple 

ultra-high pressure equipment has stimulated 
research effort in this tield. To the engineer the field 
is of importance because of its potential in producing 
‘range of new materials, probably characterized by 
hardness and good refractory properties. A small 
team in the National Engineering Laboratory, East 
Kilbride, is investigating the synthesis of such new 
materials, and has constructed an ultra-high pressure 
apparatus capable of subjecting specimens to pressures 





of approximately 75,000 atm., and temperatures of 
approximately 2,000° K. In the proving of this 
apparatus, synthetic diamond crystals were produced. 
A detailed X-ray analysis was made of one of these, 
by the Plasties Division, Imperial Chemical Industries, 
Ltd. 

The National Engineermg Laboratory (U.K.) 
apparatus is based on the National Bureau of Stan- 
dards (U.S.A.)! modification of the tetrahedral anvil 
apparatus’. In this apparatus the high-pressure cell 
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is a tetrahedron of pyrophyllite of 7 in. side, in the 
middle of which, extending between the 
two opposite edges, is the test specimen 0-1 in. 
diam. 0-3 in. long. The four faces of the tetrahe- 
dron are forced together by anvils acting on each face. 


eentres of 


Each anvil of tungsten carbide (6 per cent cobalt), 
force-fitted into E N26 binding rings, has a triangular 


face of ; m. side and is bevelled and shaped to fit 


with its neighbours so as to surround the tetrahedron 
completely except for small gaps. The excess 
pyrophyllite is initially extruded into these gaps, 


where it forms an efficient compressible seal allowing 
the bulk to transmit the pressure to the specimen 
approximately hydrostatically. The three lower 
anvils butt accurately on to the inner conical surface 
of a steel ring so that their thrusts are provided by 
wedging reactions when the top anvil is pressed 
downward. Contact tabs* enable the specimen to 
be heated by a large current, either through the 
specimen or through a graphite or metal tube sur- 
rounding it. 

The apparatus was calibrated for pressure measure- 
in terms of the known resistance transitions 
of such metals as bismuth at 25,400 atm., and 
thallium at 36,700 atm. All pressures given here 
are in terms of the Kennedy and La Mori? recalibra- 
tion, which Bridgman’s resistance-transition 
values to be up to 30 per cent high. Temperatures 
were estimated by relating the heating power to that 
required to melt metal specimens, for example, 
nickel, for which data at high pressures are available‘. 

The diamonds were synthesized using the arrange- 
ment of graphite and nickel shown in Fig. 1. Witha 
power dissipation of 500 W., the specimen 
heated to approximately 2,000° K. 
about 60,000 atm. for 30 min., followed by a 10-min. 
cooling eycle. On subsequent examination, the 
nickel disk was found to have almost completely 
alloyed with the carbon and a cluster of relatively 
large diamonds was obtained in the position shown. 


ment 


shows 


was 


In the diamond-growing region, the temperature 
was probably somewhat below 2,000° K., and a 
considerable temperature gradient existed due to 
thermal contact with the cold anvils. Bovenkerk 


et al.*, describing the diamond synthesis by General 
Electric, mention the necessity for a catalyst metal 
such as nickel, and also refer to an accelerating effect 
of temperature gradient on diamond growth. 
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The diamonds obtained black in colour 
One crystal 0-3 x 0-3 x 0-4 mm. (Fig. 2), the largest 
synthesized in Great Britain, was examined by 
X-ray methods using Laue, rotation and Weissenberg 
diffraction photographs obtained with copper raclia. 
tion. This diamond shows several well-developed 
crystal faces, ..ostly hexagonal and square. It sank 
slowly in cadmium borotungstate at room tempera- 
ture, showing its density to be somewhat greater 
than 3-3 gm. em.-* compared with 3-514 gm. em.-? for 
natural diamond. 


were 
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Fig. 2. Photograph of 

The following results show that the diamond is 
similar to the synthetic crystals from the General 
Electric Co., Schenectady, New York, which were 
examined by Grenville-Wells and Lonsdale®, and by 
Lonsdale, Milledge and Nave*®. A complete rotation 
picture taken in a 6-cm. diameter camera with filtered 
radiation (Fig. 3) was interpreted in terms of three 
separate patterns: 

(a) The dominant pattern consists of spots corre- 
sponding in position and intensity to those from a 
single crystal of natural diamond rotating about 
[Oll] with the ‘forbidden reflexions’ 200 and 222 
absent and weak respectively. Determinations of the 
d-spacings of the spots on the zero layer are given 
in Table 1 (a). All the spots are sharp with small 
spikes along constant 6 ares; the 222 spot is sharper 
than the others and does not have spikes showing 
that it may be caused by simultaneous ‘Renninger 
reflexions’? from planes III and 133. The main 


Fig. 3. Complete rotation photograph of synthetic diamond 

about [011] using copper Ka radiation and a 6-cm. diameter 

camera, Spots from the parallel NizC crystal lies precisely on 

NizC powder lines and can be distinguished from the diamond 
spots which are at slightly smaller 6 values 
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layer lines arise from a lattice repeat eT 
of length a/4/2 where a = 3-565 A.; @ ow 
but there are weak subsidiary 
layer lines corresponding to another S56 | 
repeat of length . 4 These 
extra layer lines from a 
small diamond crystal related to 
the main component by a reflexion 
twin (111) which brings 
the [411] zone axis, with a repeat 
length of 3a/4/2, into coincidence 
with [O11] (ref. 6). 

(6) There is another pattern from 

a cubic single crystal, also rotating 

+ 7. S ~ 
about [O11] which has a_ face- 
centred lattice exactly parallel to 
that of the main diamond crystal. 
The lattice parameter is 3-539 A., 
intermediate in value between dia- Fig. 4. 
mond (3-567 A.) and face-centred . 
nickel (3-524 A.). Precise measure- 
ments show that the strong 200 and 222 spots on the 
photograph belong to this pattern: some of the 
intensity of the strong 222 spot may also arise from a 
double Renninger reflexion. There is no indication 
that this erystal is twinned across (II1) as in the 
diamond. 

(c) A partially oriented powder pattern of phase 
(b) is present with intensities in qualitative agreement 
with those from nickel (Table 1 (b)). Careful measure- 
ments of reflexion positions were made on a random 
rotation photograph from an 11-46-cm. diameter 
powder camera, and the cell constant given by each 
reflexion is plotted against the usual extrapolation 
function in Fig. 4. It is clear that there are two 
separate sets of powder lines and spots confirming 
the presence of diamond with a = 3-565 0-003 A., 
and the second cubie phase (6) with a 3°539 + 
0-003 A. The interpretation of the smooth powder 
rings in the centre of the photograph is hindered by 
the pattern from the shellac used to mount the 
crystal. In a photograph taken by Dr. H. J. Milledge 
of another diamond from the same source, one of 
these smooth rings occurs alone and is almost cer- 
tainly the 0002 reflexion of graphite. The occurrence 
of graphite with synthetic diamond is unusual. 

In their study of the General Electric diamonds, 
Lonsdale, Milledge and Nave® also report the presence 
of a second cubic phase with a = 3-539 A., but with 
a different distribution of observed intensities 
(Table 1 (b)). The most important difference is in 
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cell side (A 


across 


Cubic 


Table 1 
(a) Spacings of diamond spots on the complete rotation photograph 
mpared with A.S.T.M.* Card 6-0675. 


Present work A.S.T.M.* Card, diamond 


Akl d (A.) ad (A.) 
111 2-054 2-060 

022 1259 1-261 

311 1-074 1-0754 
222 1-0292 . 

400 0-891 approximately 08916 
33 0-8174 0-8182 

(6) Spacings and intensities of powder rings of the second cubic 


phase NizC (x > 4) compared with A.S.T.M.* Card 4-0854, 4-0850 fo: 

pure nickel. 

A.S.T.M. * 
Card, Ni 


Lonsdale, 


hkl Present work Milledge, Nave 


d(A.) I I d (A.) I 
111 2-039 8 53-8 2-034 100 
200 1:765 s/m 100 1-762 42 
022 1-259 m 36-0 1-246 21 
311 1-067 m 25-4 1-0624 20 
222 1-0201 m/w 15°5 10172 7 
400 0-883 (approx.) w 9-6 0-881 1 
133 08119 m 8-8 0-8084 14 


“4 


Powder Data File (1960), American Society for Testing 


* X-ra 
Materials, Philadelphia. 
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Extrapolation curves giving accurate lattice parameters of diamond and 
NizC structure 


, Published lattice parameters for diamond and pure nickel; 


, experimental points with indices of reflecting planes 


the relative strengths of the 111 and 200 reflexions. 
The new set of intensities is consistent with the nickel 
carbon compound Ni;C(x > 4) (ref. 8), which has a 
lattice parameter of 3-536 A. Presumably the carbon 
atoms are randomly arranged on octahedral sites in 
the face-centred nickel structure, but it is not neces- 
sary to have a random arrangement of nickel atoms as 
required by the previous intensity observations. It 
is assumed that this compound is also cubic because 
no deviations from cubic symmetry could be detected 
on Laue photographs. The compound is analogous 
to martensite, y-Fe, which is a solid solution of 
carbon in a face-centred iron structure. 

X-ray reflexions on the zero and first layers corre- 
sponding to rotation the [O11] axis were 
recorded with a Weissenberg camera. The pictures 
confirmed the results from the rotation photograph 
and showed the presence of two additional diamond 
components obtained by reflexion across the twin- 
planes (111) and (111). The patterns from the twin 
components have no detectable satellite spots for 
these exposures, so if any NizC compound is associated 
with the subsidiary twins, the amount is much 
smaller than that with the main diamond. 

We wish to thank Dr. C. W. Bunn and Mr. W. R. D. 
Manning for their interest and Dame Kathleen 
Lonsdale and Dr. H. J. Milledge for valuable advice 
on and discussion of the interpretation of the X-ray 


about 


data. Thanks for discussion are also due to Mr. 
E. A. Cole, Mr. R. P. Palmer and Miss A. Turner- 
Jones; and for assistance to Mr. J. Andrew, Mr. 


M. R. E. Ball and Mr. S. F. Bossom of Imperial 
Chemical Industries, Ltd. We wish to acknowledge 
the assistance of Mr. M. P. Littleson of the National 
Engineering Laboratory with the experimental 
details of the diamond synthesis, and of the National 
Engineering Laboratory Workshop for the construc- 
tion of the tetrahedral-anvil apparatus. 
This article is published by permission of the 
Director of the National Engineering Laboratory. 
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GEL FILTRATION OF SEA-WATER: SEPARATION OF FREE AND 
BOUND FORMS OF VITAMIN B,, 


By Dr. K. W. DA’SLEY* 


National Institute for Research in Dairying, Shinfield, nr. Reading 


\ HEN Porath and Flodin' published details of 

the separation of serum proteins from ammon 
ium sulphate by their new technique of gel filtration. 
it was evident that this same method might be useful 
in oceanographic work on the 
organic substances in sea-water is often hindered by 
the salts present. 

The most sensitive 
for vitamin B,, will not function at sea-water salinity 
Often, however, the sea-water can be diluted before 
use*, but some oceanic waters contain amounts of 
vitamin B,, so small that dilution takes them below 
the measurable range. Extraction and concentration 
methods can be applied®. but they need large volumes 
of sea-water and take much time and labour. 

It was therefore hoped that filtration through 
‘Sephadex G-25' gel (Pharmacia, Uppsala) would 
separate vitamin B,, from salt, but a filter column 
72 em. x 3-6 em. did not achieve this separation; 
the vitamin was delaved by the filter to about the 
as was the salt (Fig. 1 
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Fig. 1. Gel filtration of 10 ml. 3-5 per cent sodium chloride 
solution containing 500 wugm. vitamin B,,/ml. Elution by distilled 
water, Continuous line, vitamin B,,; broken line, sodium chloride 


There is reason for wanting to obtain separate 
estimates of the free and the bound forms of vitamin 
B,, in natural waters‘. To see whether gel filtration 
would facilitate such separation, a binding agent 
prepared from pig pyloric mucosa (‘Bendogen’, 
G.E.A., Copenhagen) was added to a vitamin B,, 
sodium chloride solution in an amount sufficient to 
bind half the vitamin present, and this solution was 
then passed through the 72 cm. x 3-6 em. gel filter 
Free and bound forms of the vitamin were 
the bound 


column. 
clearly separated (ef. Fig. 2 with Fig. 1), 
form coming through first 

Gel filtration therefore does provide a simple means 
of separating free and bound forms of vitamin B,, 
before assay, and it can be used in obtaining separate 
estimates of free and bound vitamin B,, in fresh- 
water samples, and in sea-waters where the vitamin 
concentration is sufficiently high. 


* Unit for Biochemical Research bearing on Fisheries’ Problems 
(grant-aided by the Development Fund). 


It is when the vitamin B,, concentration in sea 
water is very low that it becomes essential to separat: 
the vitamin from the salt, so as to permit concentra- 
tion of the vitamin before assay. The result of th 
experiment in which a binding agent was added to th: 
vitamin B,,-saline solution (Fig. 2) leads to a method 
of overcoming the failure of the filter to separate fre: 
vitamin B,, from salt. An excess of binding agent is 
added to the vitamin B,,-saline solution or to the 
sample of sea-water; the vitamin B,, present is thus 
converted to the bound form, which is then separated 





from the salt by passage through the gel filter 
column. 
500 
: ) : 
=n $00 ; Me 
¢ oaal 
° Zz 
= 100 v1 
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= > 
0 4 4 —~\ 
1 10 20 Au 40 0 6U 70 av) 
Successive 10 ml. fractions of eluate 
Fig. 2. Gel filtration of 10 ml. 3-5 per cent sodium chloride 


solution containing 500 “#ugm. vitamin B,,/ml. and 1 wgm., *Bendo- 
gen’/ml. Elution by disti'led water. Continuous line, vitamir 
Bg; broken line, sodium chloride 


After this separation, the bound vitamin, im solution 
in the distilled water which is used for washing 
through the column, can be concentrated to the extent 
necessary to bring the vitamin within the range of th 
microbiological assay methods. For such concentra 
tion, evaporation under reduced pressure can bi 
employed ; alternatively, dry ‘Sephadex’ powder can 
be stirred into the solution. It takes up more than 
twice its weight of water in forming the gel, but 
excludes the bound vitamin B,,. which therefor 
remains in the supernatant liquid and can be poured 
off after centrifugation. The degree of concentration 
achieved by addition of the ‘Sephadex’ powder can 
be readily observed by dissolving a coloured protein 
(hemoglobin) in the solution before the ‘Sephadex 
is added. This protein is also excluded by the 
‘Sephadex’, and so the increase in optical density ot 
the supernatant liquid after addition of the ‘Sephadex’ 
provides a direct measure of the increase in concen- 
tration of the coloured protein and therefore also of 
the vitamin B,,. With the degree of concentration 
thus known, it is not necessary to attempt th 
difficult complete recovery of the supernatant liquid 
for the purpose of the assay; measurements on 4 
portion of the supernatant liquid can be recalculated 
for the whole original sample. If the dry ‘Sephadex 
is added by known weight, one experiment with the 
hemoglobin can serve as a calibration for the whole 
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Fig. 3. Gel filtration of 30 ml. sea-water, after storage frozen 

since collection. Elution by distilled water. Horizontal bars, 

values for vitamin B,, content of eluate fractions combined in 
threes; broken line, salt (expressed as sodium chloride) 


batch of ‘Sephadex’, and further use of hemoglobin 
is unnecessary. 

Figs. 3 and 4 illustrate the gel filtration technique, 
applied to a sea-water sample from Loch Fyne 
ollected on February 15, 1961, by Dr. L. R. Fisher 
of this laboratory (the Director and Staff of Millport 
Marine Station are thanked for provision of collecting 
facilities). In this sample, the vitamin B,, was 
measurable when the eluate fractions were combined in 
threes: with a less-rich water, the binding agent is 
added and the gel filtration carried out, but then the 
fractions predicted to contain the vitamin (20th to 


45th with this particular column) are all added 
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Fig. 4. Gel filtration of 10 ml, sea-water (from the same sample 


as in Fig. 3) + 20 ml. solution of ‘Bendogen’ 1 mgm./ml. Elution 

by distilled water. Horizontal bars, values for vitamin B,, content 

of eluate fractions combined in threes; broken line, salt (expressed 
as sodium chloride) 


together and concentrated before assay. Filtration 
experiments with different portions of the same water 
sample, with and without the addition of binding 
agent, provided evidence on how much of the vitamin 
B,. was originally bound. 

In the experiments described, vitamin B,, was 
measured by an appropriately simplified version of 
the Euglena assay previously described’, and sodium 
chloride by titration against standard silver nitrate 
solution. 

This work is being extended to other sea-waters 
and fresh-waters, and to microbiological culture 
liquors; further results will be published elsewhere. 


1 Porath, J., and Flodin, P., Nature, 183, 1657 (1959). 

* Daisley, K. W., J. Mar. Biol. Assoc. U.K., 37, 673 (1958). 
* Cowey, C. B., J. Mar. Biol. Assoc. U.K., 35, 609 (1956). 

* Daisley, K. W., Nature, 180, 1042 (1957). 


INFLUENCE OF MOISTURE CHANGES ON DEFORMATION OF 
WOOD UNDER STRESS 


By L. D. ARMSTRONG and G. N. CHRISTENSEN 


Division of Forest Products, Commonwealth Scientific and Industrial Research Organization, 
Melbourne 


ECENTLY it was reported! that creep in wooden 

beams was markedly increased when their 
moisture content changed while they were under load. 
In addition, it was found (Gottstein, J. W., Moglia, 
P. J.. and Stashevski, A., private communication) 
that if veneers were bent to a predetermined extent 
and held there under conditions of either constant 
or decreasing moisture content. the residual deflexion 
after releasing the veneers was much greater in the 
latter case, and nearly proportional to the moisture 
content change over the range studied. It was 
considered possible that these effects resulted from 
interaction between the applied stress and stresses 
accompanying the differential shrinkage arising from 
moisture gradients. An alternative explanation 
is that the rheological properties of the wood itself 
were affected transiently during moisture content 
changes. 

A distinction between these two possibilities may be 
made by studying very small specimens, as it has 
been shown?* that, in specimens less than approxi- 
mately 1 mm. in thickness, the rate of sorption in 
the absence of air no longer appears to be controlled 
by diffusion of moisture through the wood. Conse- 
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quently, moisture changes may occur without develop- 
ment to the same extent of moisture gradients and 
stresses due to differential shrinkage of the type 
found in beams of larger size. (Some gradients 
must, nevertheless, occur within the wood cell wall 
as moisture movement takes place.) 

The influence of changes of moisture-content on 


the deformation of wood under bending load has 
therefore been studied further using very small 


specimens as well as larger beams. In the present 
tests, the larger beams were of Eucalyptus gigantea 
used 


of similar dimensions to those previously 
(90 « 2 x 2em.) and were tested in an air-conditioned 
cabinet. The small specimens were of klinki pine 


(Araucaria klinkii, 6 «x 0-1 x 0-1 em.) and were set 
up in an evacuable apparatus. As well as reducing 
drying stresses, the use of small specimens permitted 
much faster, and more readily controlled, changes in 
moisture content. In a series of experiments, cyclic 
changes in moisture content were effected with the 
specimens loaded or unloaded as desired. Bending 
loads of less than 25 per cent of the short-term break- 
ing load were used. From experiments using small 
beams several phenomena have been observed, and 
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Fig. 1. Effect 


these are described here. Qualitatively similar 
behaviour was displayed by the 2-cm. beams where- 
ever comparable tests were made. Some of the pheno- 
mena are illustrated by the results from one of the 
l-mm. specimens in Fig. 1. 

(1) When the specimen was loaded in the com- 
pletely dry state, very little creep occurred within a 
short time of loading (Fig. 1, 0A). 

(2) If, after loading the specimen in the dry state, 
water vapour at saturation pressure was admitted 
(Fig. 1, AB), the deflexion increased rapidly to almost 
twice the initial deflexion; the rate of deflexion 
decreased rapidly, usually falling to a very low value 
within 2-3 hr. From sorption kinetics*, it would 
be expected that sorption of water would have been 
virtually completed within this time. In the larger 
beams, where the sorption process was_ slower, 
similar behaviour occurred over a period of about 
50 hr. 

(3) When, during the first adsorption of water 
vapour by a loaded sample, the rate of admission of 
vapour to the sample was reduced (taking several 
hours to reach saturation vapour pressure), it was 
found that the final deflexion of the sample after 
saturation had been reached was not affected by the 
slower sorption-rate. In the case of the 2-cem. 
beams, observation of the effect of rate of change of 
moisture content was confined to different rates of 
drying from the green state, no difference being found 
in the final deformation reached on drying to the 
same moist ure content over one and two weeks 
respectively. 

(4) On re-drying the loaded specimen, the deflex- 
ion increased further (Fig. 1, BC), but generally by 
a smaller amount than during the first adsorption. 

(5) During subsequent moisture content cycles, 
the loaded specimen showed partial recovery during 
each adsorption followed by increased deflexion 
during each desorption (Fig. 1, CD). Deflexions 
several times the instantaneous elastic deflexion 
were thus ultimately reached. Such large deflexions 
could not generally be obtained under short-term 
loads at constant moisture content without breaking 
the specimen. Similar phenomena were demon- 
strated by the 2-cm. beams when the moisture content 
was cycled between 12 and 22 per cent of dry weight. 
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(6) If, during moisture content cycling under 
load, the range of change of vapour pressure was 
made narrower, the changes in deflexion during 
each complete cycle were much less. Never. 
theless, a decrease in deflexion for each 
absorption and an increase for each desorption 
were still found for each cycle after the first. 

(7) If the deformed specimen was unloaded 
in the dry condition, little recovery other 
than the initial elastic response occurred 
within an hour (Fig. 1, DE). However, on 
admitting water vapour at saturation pressure 
after unloading in the dry state (Fig. 1, EF), 
a large recovery occurred. 

With the 2-cm. beams, nearly half the 
deflexion was recovered within a month of 
unloading in the dry state. The greater part 
of the remaining deformation was recovered 
on soaking the beams in water for five days. 
* (8) When further moisture content cycling 
occurred after unloading, the recovery was 
enhanced slightly (Fig. 1, FG), but complete 
recovery did not appear to be possible by 
vapour adsorption and drying alone. It was 
noted that, during this cycling, marked 
changes in deflexion of the specimen occurred, 
whereas there were no such changes in a specimen 
which had not previously been loaded. 

The result of these investigations is to confirm 
that when wood is subjected to a sustained bending 
load, a change in moisture content affects the rate 
and magnitude of deformation. Most of the change 
in deformation occurs within the period during which 
moisture content change takes place. Its magnitude 
depends mainly on the extent rather than the rate 
of moisture content change. It is not known whether 
these phenomena result from an acceleration of normal 
creep behaviour (at constant moisture content) or 
whether different mechanisms are involved. How- 
ever, as similar effects are observed with beams of 
1 mm. and 2 em. size, stresses arising from non- 
uniform shrinkage are not likely to be responsible. 
It is possible that large transient stresses? are 
introduced into the molecular network as_ the 
moisture content changes. Under the bias of an 
external force, deformation may thus occur 
more readily for as long as the moisture change 
continues. 

In the cycling experiments (as in Fig. 1), the 
decrease in deformation that accompanies all adsorp- 
tions after the first may arise from an additional 
process. This might be a relative change in the 
longitudinal components of swelling of the tension 
and compression portions of the beam as its deforma- 
tion increases. The persistence of the effect after 
the deformed beam has been unloaded supports 
such an explanation. The large recovery obtained 
during the first increase of moisture content after 
unloading suggests that the deformed beam contains 
a proportion of strained but stable elements of 
structure sufficient to provide a restoring bias when 
the external force is removed. 

The magnitude of the effect of the moisture content 
changes on deformation points strongly to the neces- 
sity for avoiding such changes not only during long- 
term rheological testing of wood but also during 
short-term mechanical testing. 


’ Armstrong, L. D., and Kingston, R. 8. T., Nature, 185, 862 (1960). 

* Christensen, G. N., and Kelsey, Kathleen E., Holz als Roh- u. Werk- 
stoff, 17, 178 (1959). 

* Christensen, G. N., Austral. J. App. Sei., 11, 295 (1960). 
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DISTRIBUTION OF ISOTOPIC NITROGEN IN NITROGEN GAS 
DURING DENITRIFICATION 


By R. D. HAUCK and D. R. BOULDIN 


Division of Agricultural Relations, Tennessee Valley Authority, Wilson Dam, Alabama 


JITROGEN gas, formed as a result of denitrifica- 
N tion in soil to which isotopically enriched 
nitrate—nitrogen had been added, was shown! to retain 
its identity although it was evolved into a confined 
atmosphere already containing nitrogen gas. The 
atoms of nitrogen-14 and nitrogen-15 in the original 
atmosphere were randomly distributed among the 
molecules of nitrogen gas. Presumably, the atoms of 
nitrogen-14 and nitrogen-15 in the nitrogen gas which 
was formed as a result of denitrification also were 
randomly distributed among the molecules of this 
enriched gas. 

However, the data presented in refs. 1 and 2 indicate 
that when two sources of nitrogen gas with different 
contents of nitrogen-15 are mixed under the conditions 
of ordinary biological experimentation, the nitrogen- 
14 and nitrogen-15 atoms in the whole mixture are 
no longer distributed randomly among the nitrogen 
molecules, because isotopic exchange among the 
various species of molecules does not proceed at an 
appreciable rate. The fact of this non-equilibrium 
condition was used to calculate the amount of nitrogen 
evolved from the substrate, as well as to allow certain 
inferences about the mechanism of gas formation. 

Equations were derived! which expressed the 
fraction of nitrogen gas in the atmosphere which was 
derived from the added, enriched nitrate—nitrogen 
as a function of the mass spectrometric ion currents 
at masses 28, 29 and 30, and the atom fractions of 
nitrogen-15 in both the original atmospheric gas and 
in the enriched nitrate source. Implicit in the 
equations was the assumption that all the nitrogen 
evolved from the added nitrate-nitrogen had the same 
atom fraction of nitrogen-15 as the original source 
material. Any nitrogen from other sources which 
pooled with the added nitrogen and was denitrified 
afterwards, could not be considered accurately, once 
the experiment was begun. 

The equations presented here permit calculation 
of the mole-fraction of nitrogen gas which is evolved 
from soil into an atmosphere containing nitrogen even 
though the amount of nitrogen-15 in the source 
material changes as a result of mixture with other 
soilnitrogen. The basis of these equations has already 
been discussed'. A brief restatement of some of the 


, (1 — di — X44)? + 


where a= mole fraction of ™“N'“N; 26 = mole 
fraction of “N4N; c = mole fraction of "NUN. 


hence : 
r = 2b/a (1) 
a = 2 2 
a+ 26 ( 


The nitrogen isotope fractions are represented by 
the following symbols: X!*y, atom fraction of nitro- 
gen-14 in the material undergoing denitrification ; 
X5y, (1 — X™y) = atom fraction of nitrogen-15 in 
the material undergoing denitrification; X44, atom 
fraction of nitrogen-14 in the original atmosphere; 
X54, (1 — X44) atom fraction of nitrogen-15 
in the original atmosphere. 

Let d be the fraction of the nitrogen gas (in the 
atmosphere at the time of sampling) which is derived 
from the isotopically enriched substrate, and let 
(1 — d) be the fraction of the nitrogen gas (in the 
atmosphere at the time of sampling) which was 
present in the atmosphere originally. 

When two sources of nitrogen gas, each with differ- 
ent atom fractions of nitrogen-15 randomly distributed 
among the molecules of nitrogen, are mixed, the 
resulting mole fractions are given by equations 
(3), (4) and (5) as functions of the atom fraction of 
nitrogen-15 in the two sources (X!5y and X14) and 
the mole fractions (d and (1 — d)) of the resulting 
mixture derived from the two sources: 


a = (1 — d)(X™4)* + d(X™y)? (3) * 
2b = 2(1 — d)(X*4X4) + 2Wd(X4yXy) (4)* 
e = (1 — d)(X%4)? + d(Xy)? (5)* 


* Corresponding to equations (6), (7) and (8), respectively, in 
1. 


ref, 
Equations (3), (4) and (5) can be combined and 
rewritten in terms only of r, r’, X'4y, X14 and d, as 
follows: 
9 i via on 2 ae 4+ 9 rid. — <¢™ 
» — 21 — ay(X™a)( X44) + 2d(X*4yx)(1 —X"4n) (6) 


l 
(I dX")? + AXMS) 


d(1 — X 4x)? 


~I 
~— 





rF Zz 


definitions and equations contained in that article 
will be appropriate here. 

The mass spectrometer determines the ratios r and 
r’, which are defined as follows: r, corrected ratio of 
ion currents at mass 29 to ion currents at mass 28; 
r’, corrected ratio of ion currents at mass 30 to sum 
of ion currents at masses 28 and 29. 

The mole fractions of the various molecular species 
of nitrogen are given by: 


(1 — dy(X 4)? + d(X™y)? + 21 — dy(X™a4) (1 — Xa) + 2d(Xy)(1 — XMy) 


Equations (6) and (7) contain two unknowns, 
X'4y andd. The value of X44 is obtained by direct 
mass spectrometric determinations of atmosphere 
nitrogen samples; r and r’ are primary analytical 
data. No assumptions have been made about the 
source material characterized by X!y (or Xx). Tho 
symbol d specifically refers to the mole fraction of total 
atmospheric nitrogen which was derived from the 
source X!4y. 

The value for X'™y can be obtained from the 
quadratic relation: 








S872 
xy = B+yvyB- 44 P (8) 
24 
where A P(r’ + 1) + Rir + 2), B= —2[ P(r’ + 1) + 
R]} and P = 2(X%4)(1 — X%,4) — r(X™,4)?, R= 
(1 — X44)? — r’°[2(X'44)(1 — X44) + (X444)?]. 


Using this value for Y''y. d may be caleulated from 
the expression 
P 


ir + 2)(X"y)? — 


d (9) 
2XMUy + P 

\ value for d can be calculated from equations 
(3), (4) or (5), as well as from equation (9). The 
difference between the two methods of calculation 
lies in the fact that with equations (3), (4) or (5), as 
previously used', the value for X'y (or Xx) must 
be measured independently at the beginning of the 
experiment (or from sub-samples of soil during the 
experiment), and may not change with time, while 
the X'y used in equation (9) is an average value 
calculated from mass spectrometric analysis of an 
atmosphere into which an admixture of gaseous 
components was made. If no dilution of the original 
and supposed source material occurs, then either 
equations (3), (4) or (5) or equation (9) will accurately 
calculate the mole fraction of nitrogen gas evolved 
from the substrate X™y. However, should dilution 
occur, then this change in isotope content of the 


Table 1. CALCULATION OF X'*N AND MOLE FRACTION (d) OF TOTAL 
NITROGEN THAT WAS EVOLVED FROM ADDED NITRATE ASSUMING 
EITHER DILUTION OF ADDED NITRATE OR NO DILUTION 


Incubation Caleu 


Exp period Initial lated * d, d,t 
No. (days) Xx X's 
Ra 19 03470 0-339 o-O1LR3 00-0190 
sa 1¢ 03470 0-3397 0-0074 0-0076 
l2a 4 03470 0-347 
l2a 14 0-3470 0-3439 0-0152 0-0154 
l2a 22 03470 0-2735 0-0364 0-0579 
13 22 0-3470 0-2880 0-O0114 0-0147 
14 19 02395 02164 Oo514 0-0569 
* Atom fraction of '’N in enriched nitrate calculated from equation 


(8) 


+ Mole fraction of nitrogen evolved from source, assuming no 


dilution. 
t Mole fraction of nitrogen evolved, calculated from equation (9), 
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source material will be quantitatively reflected in the 
value for X™y as obtained (equation (8)) from the 
measured ratios r and r’. 

Some data selected from a previous paper® ar 
re-interpreted using equations (8) and (9) and pre. 
sented in Table 1, to illustrate the effect of dilution of 
source material on the value of d obtained. Values fo; 
X15y, that is (1 — X'y) are also given. 

The results from experiment 12a (Table 1) illustrate 
the progressive dilution of nitrate source material 
(characterized by the calculated value for X'*y) wit} 
time. Although it is not the object of this article t 
draw conclusions concerning the interplay of mineral. 
ization and denitrification reactions in soil, the 
observation nevertheless can be made that little 
dilution of the nitrate substrate was observed within 
the first week of incubation. whereas under the 
conditions of the experiments from which the data 
were taken, appreciable dilution occurred about two to 
three weeks after the beginning of incubation. The 
calculated value for X!4y (or Xx) represents the 
average isotope content of the material which is 
undergoing denitrification over a given period of time 
In this respect, it approximates the composition of 
@ composite source material integrated with time 


The calculated value for X!*y will become increasingly ! 


more important in the estimation of d as mineralized 
nitrogen pools with the added, enriched material 
The accuracy with which the vaiue of X!*y character. 
izes the source of the evolved nitrogen gas increases 
as both rate of dilution and denitrification approach 
constancy. 

In summary, the equations presented above will 
permit calculation not only of the amount of nitrogen 
gas evolved into a nitrogen-containing atmosphere as a 
results of denitrification, but will give as well a 
quantitative estimate of the relative contributions 
to the evolved gas by both the original source and 
by other nitrogen-containing material in soil from a 


consideration only of mass spectrometric data 
obtained from the atmosphere above the soil. 
* Hauck, R. D., Melsted, 8. W., and Yankwich, P. E., Soil Sci., 8 


287 (1958). 

* Rittenberg, D., Symp. Preparation and Measurement of Isotop 
Tracers, 31 (J. W. Edwards, Ann Arbor, Michigan, 1946). 

* Hauck, R. D., and Melsted, 8. W., Soil Sci. Soc. Amer. Proc., 20, 361 
(1956). 


CALCIUM METABOLISM IN MAN WITH CALCIUM-45: MALABSORPTION 
SYNDROME AND EXUDATIVE ENTEROPATHY 


By Dr. G. MILHAUD and Dr. P. VESIN 


Laboratoire des Isotopes, Institut 
Hopital Saint 


YVEVERAL diseo of the small intestine are 
- encom by such manifestation of impaired 
calcium metabolism as hypocalcemia, hypocalciuria, 
tetany and osteoporosis. We have investigated 
changes in calcium metabolism in subjects with 
malabsorption syndrome and exudative enteropathy. 
The malabsorption syndrome (ncn-tropical sprue) is 
characterized by fatty diarrhoea and impaired absorp- 


ses 


tion of several substances. including fats. carbo- 
hydrates, lipo-soluble vitamins and iron. In exud- 
ative enteropathy. described by Gordon! and 


Pasteur and Service de Médecine, 

Antoine, Paris 

Sehwariz?, one observes diarrhwa of variable 
severity, intestinal leakage of serum proteins, hypo- 
proteinemia and cedema; impairment of intestinal 
absorption is not constant. 

The syndromes can be differentiated by studying 
the results of the intravenous injection of serum 
albumin-''I and of polyvinylpyrrolidone-'!*!I (PVP- 
1317), Foecal radioactivity is marked in exudative 
enteropathy and negligible in sprue. 

We have studied four patients with either the 
malabsorption syndrome or cxudative enteropathy. 
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Fig. 1. Scheme of calcium metabolism 
In all, radiologicai examination of the small intestine 
was typical: dilatation or hypertony of loops and 
dilution or scattering of barium. Two patients 
showed disorders of calcium metabolism. 

Examination of calcium metabolism was carried out 
with caleium-45, using a method described previ- 
ously**. Steatorrhcea was demonstrated by the 
triolein-?*'1 test and protein loss into the intestine 
was determined indirectly by means of the PVP-!*'] 
test. 

Case 1 (No. 110)°: a 3l-yr.-old man, weighing 
71 kgm. with exudative enteropathy. Had observed 
lower limb cedema and ascites for 9 yr. Total 
serum protem was 4-5 gm./100 ml. Steatorrhcea was 
marked and the PVP-'*'I test was strongly positive. 
The patient complained of muscular spasms, parws- 
thesias and headaches. Serum caletum was 4-5 
mgm. per cent, and there was marked hypocalciuria. 
{ roentgenogram showed a calcification of the 
pericardium, 

Case 2 (No. 121)*: a 14-yr.-old girl, who weighed 
43 kgm.. suffered from exudative enteropathy. For 
6 months lower limb cedema and ascites have been 
present; total serum proteins were 2-7 gm./100 ml. 
Steatorrhcea and a very positive PVP-'I test were 
found. The patient complained of paresthesias and 
tetany; serum calcium was 6-8 mgm. per cent and 
there was marked hypocalciuria. 

Case 3 (No. 128): a 40-yr.-old man weighing 51 
kgm. had malabsorption syndrome and mild cedema. 
Serum protein was 5-5 gm. per cent. Marked steator- 
rhea and a PVP-!*"I test typical of exudative entero- 
pathy were found. The oral glucose tolerance curve 
was flat. Serum and urinary calcium were normal 
and there were no clinical or radiological signs of 
disturbed calcium metabolism. 

Case 4 (No. 117): a 70-yr.-old man, weighing 
52 kgm., had experisnced the onset of the mal- 
absorption syndrome 7 months before admission. 
Steatorrhceeaa was marked and the oral glucose 
tolerance curve was flat. The induced hypersiderzemia 
curve was low. The PVP-''I test was normal. 
Serum proteins was 7 gm. per cent. There was 
neither cedema nor clinical or radiological signs of 
disturbed calcium metabolism. Sarum and urinary 
calcium were normal. 
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Calcium metabolism can be represented by the 
scheme shown in Fig. 1. The various symbols 
have the following meaning: J;, calcium ingested 
per time unit; V,, ealeium absorbed by the intestine; 
1”,,. calcium excreted in the urine; Vy, calcium excreted 
in the feces; V,,, calcium deposited in bone; V 
calcium released from bone; A balance. 

In addition, the exchangeable calcium pool P can 

considered to include four compartments of 
different sizes. One corresponds to ssrum calcium, 
M, which exchanges with the calcium of the three 
other compartments at different rates. These three 
compartments can be identified respectively in first 
approximation as extracellular fluid calcium, ™,, 


o-? 


be 





exchangeable soft tissue calcium. .J/,, and with 
exchangeable bone calcium. .\/, (Fig. 2). 
A 
\ \ 4 
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Fig. 2. The four compartments of the exchangeable calcium pool 


Table 1 shows principal values of calcium metab- 
olism for the four patients. In the first two cases, 
the disturbances of calcium metabolism are marked; 
in addition to hypocaleemia and hypecalciuria, the 
values of the exchangeable calcium pcol and of the 
rate of bone fixation represent, respectively, 50 and 
60 to 70 per cent of the normal. On the other hand, 
the rate of osteolysis is somewhat increased, and the 
balance is strongly negative (— 0-544 gm./day and 
— 0-253 gm./day). 

In cases 128 and 117, serum and urinary calcium 
are normal and the patients are in the balance. 
However, the exchangeable calcium pool and the 
rates of bone formation and of bone destruction are 
decreased. 

The problems presented by the first two patients 
made it necessary to ascertain the role of the 
intestinal disease in the negative calcium balance. 
Intestinal malfunction may result in: (1) diminished 
absorption of calcium; (2) increased secretion of 
caleium; (3) a combination of both. 

In case No. 110, the first factor applied, since no 
absorption of calcium could be demonstrated. 
However, this factor was not sufficient to account 
for the abnormalities found, because when the patient 
was studied again. following one month of weekly 
intramuscular injections of 15 mgm. of vitamin D, 
absorption became normal, but the excretion of 
calcium, though slightly lowered, was still abnormally 





S74 


CALCIUM METABOLI 
ENTEROPATHY OR 


Table 1 


NATURE 


3M IN FOUR PATIENTS WITH EXUDATIVE 
MALABSORPTION SYNDROME 





No. 110 
ifter 
N ber N 110 vitamin D)| No. 121) No. 128) No. 117 
t and 
calcium 
Ag 1 l 14 40 70 
Heig 1-7 1-61 3-72 1-67 
Body-w t 
(kg 71 81 43 1 92 
Blood vol 6-84 6-05 3-32 5-06 47 
Plasmatic vol 
(1.) s 1-63 2-83 24 
Calewmia 
(mar per 
cent) 4 71 6°38 9-4 10°8 
Exchangeah! 
ealeium pool 
(zm. : 
M 0-161 0-216 0-110 0-266 0-350 
Vv, 0-340 0-356 0-380 0-375 
M, 0-528 1‘778 O-S10 0-998 
Vv, 2-856 5-702 1:790 1-573 
P 3-885 8-052 3-090 3-296 
Intest s 
(gm ) 
Vi 1-062 0-814 0-633 0-908 0-829 
F 1-616 0-659 0-876 0-685 0-714 
Va i) 0-507 0-237 0-358 0-282 
Balance 0-554 + 0-145 0-253 (+0002 (+0-015 
Abs. rate 
(per cent) 0 62 37 39 34 
Excretion 
(gm./day) 
rus 0-010 0-010 0-010 0-221 0-100 
Vs 0-544 0°352 0-480 0-135 0-167 
Osteoblastosis 
und osteolysis 
(gm./day) 
ice 0-540 1-788 0-630 0-510 0-713 
Ve 1-094 1-643 0-883 0-508 0-698 
high. In case No. 121, the second factor was in- 


volved because the intestinal absorption of calcium 


was found to be in 
values. 
Case No. 128 also 


test, but differed from 


cedema and hypoproteinemia were recent. 
excretion 


his intestinal 
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the lower range of normal 
had a pathological PVP-'I 
the two preceding in that the 
However, 
normal, a 
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Fig. 3. Relation 
Vs, and the absorption, Va, 
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between the intestinal excretion of calcium, 


in the malabsorption syndrome and 
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finding consistent wih the normal serum calcium 
and the absence of clinical or radiological signs of 
disturbed calcium metabolism. In No. 117. 
fecal calcium excretion was increased as compared 
with the normal; intestinal absorption was normal. 
These results are represented in Fig. 3, which shows 
the relation between the amount of caleiur abserbed, 
Va, and that excreted, Vs, by the intestine in the 
four patients with small intestine diseases. 

It is apparent in cases No. 110 and 121 that the 
ratio of excreted calcium to absorbed calcium is 
abnormal. The case of malabsorption, No. 117, had 
a normal absorption and a slight disturbance of 


case 


‘| 





exudative enteropathy 


fecal calcium excretion, observations which are 
consistent with the absence of clinical or radiological pla 
signs of disturbance of calcium metabolism. Table 2 dev 
summarizes the studies of absorption and excretion pre 
in the four patients. | dev 
soc 
the 
Cable 2. DISTURBANCES OF DIGESTIVE ABSORPTION AND INTESTINAL dec 
EXCRETION IN EXUDATIVE ENTEROPATHY AND MALABSORPTION | 
SYNDROME hol 
— ‘ I 
Absorption wit 
- Fecal | are 
Carbo- excre- | Absorp-| Excre- ' : 
Fat (tri- hydrates tion of | tion of tion of ' cen 
Case _ oleine- (oral PVP-'"I calcium | calcium | Balance dis 
report 1317) glucose (per (gm. (gm. } 
(per tolerance cent day) day) } eff 
cent) test) injected wes 
radio- : 
activity) 101 
a _ - —— = — Seog ee et dis 
110 82:5 normal 10-7 0 0-544 negative " 
121 51-2 normal 14-6 0-237 | 0-480 negative 
128 40-0 impaired 5-E 0-358 0-135 balanced the 
7 59°5 yaired 2 -192 167 alance - 
117 6 D imy aire l 0-1 ‘ C 167 _balanced j 195 
Normal (1: 
control >95 normal <1°5 0-25to, 0-:100to balanced ‘ol 
0-50 0-117 Uo 
é inte 
doc 
i : : tior 
The case of non-tropical sprue which Laszlo et al. }| pra 
studied using a different method showed hypocal- Uni 
cemia and hypocalciuria. The fecal excretion of apy 
calcium was very high and the ratio V;/V,q similar Bu 
to that found in our cases of exudative enteropathy. } nat 
[It is possible that this case, known as non-trcpical trai 
sprue, was actually either a case of exudative entero- 5 the 
pathy as the hypoproteinemia and the high fecal 7 
nitrogen excretion suggested, or a transition form un 
similar to case 128, as suggested by the disturbed hos; 
glucose absorption. of t 
It should be noted that the injection of vitamin D Can 
and the oral administration of calcium profoundly |} unit 
changed the metabolism of calcium in case 110: trea 
the exchangeable calcium pool doubled, the rate of of 1 
bone formation trebled, and the balance became | cer\ 
positive. At the same time the paresthesias, cramps | nee 
and headaches disappeared. Nei 
We are indebted to Dr. J. P. Aubert for the mathe uns 
matical analysis of the data and to Prof. Renault for Bur 
the PVP-'*"I and trioleine-!*"I test. S 
the 
* Gordon, R., Lancet, i, 325 (1959). radi 
* Schwartz, M., and Jarnum, S., Lancet, i, 327 (1959). inve 
* Milhaud, G., and Aubert, J. P., La Semaine des Hépitaux, Pathologie tion 
et Biologie, 405 (1958). ; 
* Aubert, J. P., and Milhaud, G., Biochim. Biophys. Acta, 39, 122 gam 
(1960). 0 w 
*Vesin, P., Renault, H., and Cattan, R., Bull. Mém. Soc. Méd. Hép bets 
Paris, 75, 319 (1959). 
*Vesin, P., Trupel, S., Acar, J., Renault, H., Desbuquois, J., and Poatth 
Cattan, R., Bull, Mém. Soc. Méd. Hép, Paris, 76, 261 (1960). fron 
* Fink, V., and Laszlo, D. A., Gastroenterology, 32, 689 (1957). D1} 
* Milhaud, G., Aubert, J. P.,and Bourichon.J., La Semaine des Hépitaua leve 
Pathologie et Biologie (in the press). 
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NATURE 


RADIO-ISOTOPES IN BIOLOGICAL WORK 


IN BURMA 


By Dr. MAUNG MYA THAUNG 


Department of Agricultural and Biological Applications, Union of Burma Atomic Energy Centre 


r{ HE post-war development of atomic energy has 

had a tremendous impact on the thought and 
plans of many nations. The majority of small under- 
developed countries, including Burma, have been 
prompted to embark wisely on programmes of 
development with the view of enjoying the fruits of 
social, economic and scientific advancement which 
the atom might yield for humanity. Atomic energy, 
dedicated entirely to peaceful purposes, seems to 
hold the key to progress. 

Burma is a recently independent neutral country 
with a population of about twenty million in an 
area of 261,789 square miles. Since nearly 75 per 
cent of the whole population is undernourished and 
disease-ridden, it seems natural and logical that an 
effort be made first in the domains of health and 
wealth, that is, in medical and agricultural applica- 
tions, for producing tangible benefits in the none too 
distant future. 

The installation at the Department of Radio- 
therapy of the Rangoon General Hospital early in 
1958 of a 1,000-c. “Theratron Junior’ cobalt-60 
(1-3 MeV.) teletherapy unit from Canada under the 
Colombo Plan had undoubtedly stimulated the 
interest of Burmese medical men (comprising one 
doctor for 10,000 people) in the medical exploita- 
tion of atomic energy. A few Burmese medical 
practitioners have made an observation tour of the 
United States to become acquainted with some clinical 


applications of radioisotopes. Furthermore, two 
Burmese medical graduates were awarded Inter- 
national Atomic Energy Agency fellowships for 


training in radio-isotope techniques and radiology in 
the United Kingdom. 

The visiting radiologists were provided by Canada 
under the Colombo Plan until June 1960. The 
hospital radiotherapist and physicist on the staff 
of the Department of Radiotherapy were trained in 
Canada on Colombo Plan fellowships. The gamma 
unit has been doing excellent work, especially in the 
treatment of numerous tumour cases, mostly cancer 
of the mouth, pharynx, larynx, nose, breast, and 
cervix. Besides, both normal X-ray and radium 
needle facilities are available in the Department. 
Neither medical diagnostic nor therapeutic work with 
unsealed sources of radio-isotopes is performed in 
Burma at present. 

Some pioneering work of mine was carried out on 
the utilization of radiation and radioisotopes as 
radiomutagens and radiotracers in rice plants'. | 
investigated the effects of low levels of nuclear radia- 
tions, namely, 0 r., 500 r., 1,000 r., and 1,500 r. of 
gamma rays from a sealed cobalt-60 source and 
0 uc., 748-36 ue., 1,517-92 ue., and 2,288-54 ue. of 
beta rays from phosphorus-32 in a labelled fertilizer, 
on the development and productivity of rice plants 


from two varieties of Burmese rice, C33-18 and 
Di7-88. The results obtained suggested that low 


levels of gamma and beta rays influenced grain yield. 


The intervarietal difference in response to an equal 
dose of the same kind of nuclear radiation was also 
noted. 

I used a total of 18-8 me. of phosphorus-32 in the 
form of ammonium dihydrogen orthophosphate 
imported from the United Kingdom as a tagged 
fertilizer to study the effect of time on grain yield 
and phosphorus uptake by rice plants from soil and 
fertilizer at three varying levels of fertilizer applica- 
tions, made separately 9, 54 and 80 days after trans- 
planting. During the first 7-9 weeks after trans- 
planting, plants increasingly absorbed more fertilizer 
phosphorus than soil phosphorus; from that point 
onwards, the reverse was true at all levels of fertiliza- 
tion studied. From the ninth to tenth week the trend 
of relative absorption of phosphorus by plants from 
both sources appeared to be almost similar in spite of 
differences in time of fertilization. During weeks 
7-9, the phosphate-supplying capacity of the soil of 
transplanted plot dropped to a low point, but 
increased after that until, during the flower primordial 
initiation and floral emergence stages, it reached peak 
values. 

The best yield, found to result from fertilization 9 
days after transplanting, was apparently due to an 
early and efficient plant utilization of more fertilizer 
phosphorus and also ammoniacal nitrogen, by which 
growth and reproduction were improved. It was 
suggested that fertilization with ammonium dihy- 
drogen orthophosphate within 9 days after or during 
transplanting would produce beneficial effects on 
yield of rice. 

I also initiated a radiation plant-breeding pro- 
gramme by having four varieties of Burmese rice, 
namely, A28-81, B24-92, C33-18 and D17-88 bom- 
barded each with thermal neutron fluxes of 6-92 x 
108/em.?/sec. and 6-70 x 108/cm.?/sec. in the graphite 
reactor of the Brookhaven National Laboratory, for 
15 and 20 hr., respectively. The radioactivity thus 
induced in the grains was allowed to become dissipated 
completely before return shipment. Many and varied 
radiobiological effects in plants of the first generation 
(N1) were recorded and reported. Transplants of 
N1 generation raised in 1959-60 were isolated by 
bagging to prevent cross-pollination. Similar observa- 
tions and screening for seemingly useful mutants in 
the second generation (N2) were made during 1960-61. 
In addition, X-rays were also used at the same time 
to treat seeds from five other varieties of rice. Hence, 
R1 and R2 generations were obtained from treated 
seeds. 

The policy of the Union of Burma Atomic Energy 
Centre (UBAEC) has been to co-operate with inter- 
ested parties until these have had sufficient practical 
experience to use isotopes; the Agricultural Research 
Institute (ARI) has now been asked to take over 
radiotracer work on their own. 

The International Atomic Energy Agency specialist 
and his co-workers have been using autoradiographic 
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methods to estimate qualitatively the phosphate- 
supplying capacity of soils from ten different areas 
by using rice as an indicator plant. It seems that. if 
a soil is relatively rich in native phosphate. rice 
plants will absorb more soil phosphorus than added 
phosphorus; the true if the native 
phosphate content of the soil were low. 


reverse will be 
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This is an account of the practical use of radio- 
isotopes in biological sciences in Burma so far. 
Attempts are being made to introduce and encourage 
the uses of radioisotopes in other aspects of biological 
research. 


* Thaung, M. M., Nature, 186, 982 (1960); Soil Sci., 90, 284 (1984 
Vature, 190, 242 (1961); Bur. Agric. J., 1 (1961) (in the press 


A COMPARISON OF COD AND BOVINE 
INSULINS 


By Dr. S. WILSON and Dr. G. H. DIXON 


Connaught Medical Research Laboratories and Department of Biochemisiry, University of Toronto 


FY HOSE mammalian insulins the structures of 

| which have been examined are very similar and 
show only minor differences in amino-acid sequence??, 
but little is known about insulins from other verte- 
brates. 

Extracts of islet from 
cartilaginous and bony fishes have been found to 
possess the physiological properties characteristic 
of insulins prepared from mammalian 
It was therefore of interest to purify insulins from 
various orders of fish in order to study their proper- 
ties. The work to be described yields comparisons 
between certain structural features of fish and 
mammalian insulins and provides evidence that there 
are large differences in the amino-acid 
of insulins from these two classes of vertebrates. 

Preparations of insulin were obtained from the 
principal islets of seven species of bony fish. Like 
mammalian insulins, these materials caused convul- 
sions in starved mice* and promoted glycogen syn- 
thesis in the isolated mouse diaphragm’. Four of 
the fish insulins (from burbot, Lota lota lacustris ; 
pike, Esox lucius; sunfish, Lepomis gibbosus ; and 
sucker, Catostomus commersoni) were found to be 
immunologically similar to mammalian insulins, 
in that their hormonal activity was neutralized by 
anti-bovine-insulin sera obtained from  hyperim- 
munized horses or guinea pigs®. However. the 
other three fish insulins (from cod, Gadus callarias : 
pollock, Pollachius and catfish, Ictarulus 
punctatus) were very different; for example, the 
amount of horse anti-bovine insulin serum required 
to neutralize 1 unit of cod insulin was 40 times greater 
than that required for 1 unit of bovine, horse or whale 
insulins (ef. ref. 7). Because of the immunological 
differences between these three fish insulins and 
bovine insulin, it was thought likely that they might 
be very different chemically. 

It was possible to obtain cod insulin in a highly 
purified state (Moloney. P. J., and Wilson, S., unpub- 
lished work) with a potency of 21 units/mgm. for 
the air-dried material (95 per cent confidence limits, 
13-34 units/mgm.) by two mouse convulsion assays* 
using 144 animals in each test. Within the limits 
of the assay, this value for the hormonal activity of 
cod insulin is in the range, 22-26 units/mgm., reported 
for highly purified mammalian insulins. The fact 
that purified cod and bovine insulins possess similar 
potencies but different capacities for combining with 
a specific antibody to bovine insulin indicates that 
the groups involved in this combination need not 


tissue several species of 


sources?. 


seq ences 
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be the those which determine biolovica] 
activity. 

When cod and bovine insulins were subjected to 
electrophoresis in a starch gel at pH 3-5 (8 M urea, 
0-23 M formic acid, 0-01 .W sodium hydroxide 
the cod insulin yielded only one band which migrated 
faster towards the cathode than bovine insulin. 
as seen in Fig. 1. Paper electrophoresis of the two 
proteins in 5 M acetic acid gave a similar result. 
Since the cod insulin migrated more rapidly towards 
the cathode in both these systems. it seemed probable 
that it had a higher isoelectric point than bovin: 
insulin. On partition chromatography, using the 
upper phase of a mixture of 2-butanol/l per cent 
acetic acid as solvent, cod insulin moved only slightly 
from the origin (Rp < 0-1) whereas bovine insulin 
had an Ry of 0-3. In n-butanol/acetic acid/water 
(3: 1:4, upper phase) cod and bovine insulins had 
Ry values of 0-47 and 0-59 respectively. This is 
consistent with cod insulin being more polar than 
bovine insulin. 

In order to determine whether cod insulin consisted 
of two polypeptide chains. such as the A and B 
chains of bovine insulin, linked by disulphide bonds, 
cod and bovine insulins were treated according to 
two methods which are known to split—S—S—bonds: 
namely, oxidation with performic acid to give the 
sulphonic acid formn* and reaction with sulphite to 
give the S-sulpho form*’. The products of both 
treatments were separated by high-voltage paper 


Same as 


@--- 
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Fig. 1. Electrophoresis of various insulin preparations in 
starch-urea gel at pH 3-5 for 6 hr. at 10 V./em. (gel stained with 
amido-black). A, artificial mixture of bonito, tunny and swordfish 
(BTS) and bovine insulin; B, pollock fish insulin (crude, 8 units 
mgm.); C and H, bovine insulin (crystalline, 23 units/mgm.); 
D, BTS insulin (purified, 14 units/mgm ): F and F, cod insulin 
(partially purified); G@, cod insulin (purified, 21 units/mgm.) 
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Separation by high-voltage electrophoresis (75 V./cm, for 
100 min.) of the A and B chains from various insulins in the 
sulpho- or S-sulpho-forms (ref. 7). 1, sulpho-A and -B chains 
from bovine insulin; 2, sulpho-A and -B chains from cod insulin; 
3, sulpho-A and -B chains from BTS insulin; 4, S-sulpho-A 
and -B chains from bovine insulin 


Fig. 2. 


electrophoresis in an aqueous buffer at pH 4:1 
containing 0-12 M pyridine, 1-75 M acetic acid 
and 8 M urea® or in 5 M acetic acid, and stained by 


spraying the electrophoretogram with diazotized 
sulphanilic acid. It was observed that cod and 
bovine insulins yielded two polypeptide chains 


in all cases, but the A chain from cod insulin had a 
much lower mobility than bovine chain as seen in 
Fig. 2. In addition, the spot corresponding to cod A 
chain showed the strong cherry-red colour character- 
istic of histidine, whereas bovine A chain had only 


the weaker orange colour due to tyrosine. The 
B chains from both insulins gave the red colour 


indicative of histidine, but cod B chain had a some- 
what lower mobility towards the cathode than 
bovine B chain. 

The A and B chains from cod insulin in the S- 
sulpho form were separated on a preparative scale 
by the method of Dixon and Wardlaw*®. The solu- 
tions of the separated polypeptide chains were freed 
from urea and salts on a ‘Sephadex’ G—25 column 
(equilibrated with 0-1 M ammonia) and _ finally 
lyophilized. The S-sulpho A chains from cod and 
bovine insulins were hydrolysed by digestion with an 
aminopeptidase preparation (kindly supplied by Dr. 
K. 8. V. Sampathkumar, Department of Biochemistry) 
and the resulting amino-acids identified by 2-dimen- 
sional electrophoresis/chromatography. 

Histidine. arginine, phenylalanine and proline were 
found to be present in cod A chain, whereas none 
of these four amino-acids occurs in bovine A chain. 
Tryptophan was found to be absent from cod A 
chain, although it would have been conserved in the 
above procedure. For quantitative amino-acid analy- 
sis, cod insulin was oxidized with performic acid 
and the two chains separated by a modification of 
the above method® in which the cod B chain was 
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eluted from the resin column at pH 3-8 with a buffer 
containing 2-6 M formic acid, 0:63 M pyridine and 
8 M urea. Analyses were then carried out by Dr. 
D. B. Smith (National Research Council, Ottawa) 
on acid hydrolysates of these derivatives (5-7 M 
hydrochloric acid under vacuum for 48 hr. at 105° C.) 
using a Spinco amino-acid analyser and the results 
are summarized in Tables 1 and 2. It will be noted 
from Table 1 that there are considerable differences 
in the amino-acid composition of the A chains from 
cod and bovine insulins. One residue each of 
histidine, arginine, phenylalanine and proline were 
found in cod A chain, confirming the qualitative 
results obtained with aminopeptidase. The presence 
of two basic amino-acids in cod A chain could account 
for it being more basic than bovine A chain. Serine 
(2 residues) and alanine (1 residue) are present in 
bovine A chain but absent from cod A chain. The 
A chains also differ in the amount of glutamic acid 
(4 residues in bovine and 2 in cod) and aspartic acid 
(2 residues in bovine and 5 in cod). 

The B chains are less unlike (Table 2), but cod B 
chain contains a residue of methionine, which is not 
present in any known mammalian insulin, and the 
threonine residue of bovine B chain is absent from 
cod B chain. As in the A chains, there is more 
aspartic acid in cod B chain (3-4 residues) than 


Table 1. COMPARISON OF THE AMINO-ACID COMPOSITION OF THE 
ISOLATED A CHAINS FROM COD AND BOVINE INSTULINS 

Cod A Bovine A Differ- 

- - ———/ ence in 

Amino-acid Integral No.of number 
| No. of No. of No. of | residues of 

wmoles residues residues (ref. 1) | residues 
Histidine 0-077 1-0 1 0 +1 
Arginine 0-084 1-0 1 0 +1 
Cysteic acid 0-288 3°7 4 4 0 
Aspartic acid 0°387 43 5 2 +3 
Serine 0-007 0-1 0 2 -2 
Glutamic acid 0-166 21 2 4 -2 
Proline 0-093 1:2 1 0 +1 
Glycine 0-086 1-1 1 1 0 
Alanine 0-017 0-2 0 1 -1 
Valine 0-066 0-8 1 2 -1 
Tsoleucine 0-134 1-7 3 2 0 
Leucine 0-085 1-1 1 1 0 
Cyrosine 0-077 1-0 1 2 1 
Phenylalanine 0-081 1-0 1 0 1 
Total 21 21 0 

Table 2. COMPARISON OF THE AMINO-ACID COMPOSITION OF THE 


ISOLATED B CHAINS FROM COD AND BOVINE INSULINS 


Cod B 


Bovine B Differ- 
ence in 
Amino-acid Integral No.of number | 
No. of No. of No. of residues of 
wumoles residues residues’ (ref. 1) | residues | 
Lysine 0-207 1-2 1 1 0 
Histidine 0-317 1:8 2 2 0 
Arginine 0-208 1-2 1 1 0 
Cysteic acid 0-311 1-3 2 2 0 
Methionine 
sulphoxide Traces <0O1 0 0 0 
Aspartic acid 0-611 3-4 3 1 +2 
Methionine 
sulphone 0-149 0-9 l 0 +1] 
Threonine 0-063 0-3 0 1 -} 
Serine 0-194 1-1 1 1 0 
Glutamic acid 0-353 2-0 2 3 —1 
Proline 0-502 2-8 3 1 +1 
Glycine 0-509 2-9 3 3 0 
Alanine 0-398 2-2 4 2 0 
Valine 0-362 2-0 > 3 -1 
Tsoleucine 0-054 0-3 0 0 0 
Leucine 0-698 3-9 4 4 0 
Tyrosine 0-301 1-7 2 2 0 
Phenylalanine 0-326 1-8 2 3 =} 
Total 31 30 +1 
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bovine B chain (1 residue). Although the amino- 
acid compositions of the A and B chains from cod 
insulin differ greatly from those of bovine insulin, 
the total number of residues in each case is similar 
(last line of Tables 1 and 2). 

Cod insulin was examined for N-terminal residues 
by the dinitrofluorobenzene method according to 
procedure 3 of Harris, Fraenkel-Conrat and Levy”. 
An uptake of 10-2 moles base per mole of cod insulin 
(based on molecular weight of 5,700) was observed 
during the reaction with dinitrofluorobenzene. This 
could be accounted for by the reaction of the lysyl, 
three histidyl and three tyrosyl groups known to 
be present, together with two N-terminal residues 
(total theoretical base requirement 10-1 moles). 
Dinitrophenyl-serine and dinitrophenyl-glycine were 
found in equimolar amounts in an acid hydrolysate 
(5-7 N hydrochloric acid, 8 hr. at 105° C.) and there 
was no significant contamination with other dinitro- 
phenyl-amino-acids. Since the only serine residue 
present in cod insulin is in the B chain, it must be 
the source of the dinitrophenyl-serine, and thus 
oecupy the N-terminal position of this chain. The 
dinitrophenyl-glycine therefore came from cod A 
chain, and this was confirmed by the observation 
that the isolated A chain, like bovine A chain, reacted 
with ninhydrin to give a bright yellow colour character- 
istic of an N-terminal glycyl group. 

Digestion of the two insulins with carboxypeptidase 
A (ref. 11) released alanine, asparagine and aspartic 
acid from bovine insulin but only asparagine and 
aspartic acid from cod insulin. Alanine was released 
from isolated bovine B chain whereas cod B chain 
yielded no amino-acid in significant amounts. How- 
ever, treatment of cod insulin with carboxypeptidase 
B (ref. 12) released lysine, and since the only residue 
of lysine in the molecule is present in the B chain, 
it must be the C-terminal amino-acid of this chain. 
The asparagine residue removed by carboxypeptidase 
A from intact cod insulin therefore came from the 
C-terminal position of the A chain, as in the case of 
bovine insulin. It is significant that carboxypepti- 
dase A does not release asparagine from either of 
the chains in the sulphonic acid form. In the case 
of bovine A chain, Sanger and Thompson" suggested 
that the cysteic acid residue in the penultimate 
position inhibited the release of the C-terminal 
asparagine. It is therefore probable that the C- 
terminal sequence in cod A chain is—CySO,H -AspNH, 
as in the bovine A chain. 

In view of the large differences in amino-acid 
composition of the corresponding chains from cod 
and bovine insulin, certain portions of the poly- 
peptide chains must have different amino-acid 
sequences. When peptic, tryptic or chymotryptic 
hydrolysates of the separated chains from the two 
insulins were compared by 2-dimensional electro- 
phoresis/chromatography on paper, it was found 
that very few of the peptide fragments appeared 
to be the same. In Fig. 3a, chymotryptie digests 
of the A chains from cod and bovine insulin are 
compared, and Fig. 3b shows peptic digests of the 
Even when intact cod and bovine insulins 
prolonged 


B chains. 
were hydrolysed to small peptides by 
digestion with subtilisin (Nagase Co., Japan) the 
peptide maps were strikingly different. 

Complete amino-acid sequences are available for 
insulins from seven mammalian species'*, and in 
all cases, except human insulin, the alterations in 
sequence occur in a sharply delineated region between 
residues 7 and 11 of the A chain. In human insulin 
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there is an additional substitution of threonine for 


alanine at the C-terminal position of the B chain. 


However, the differences between cod and bovine 


insulins are much more profound, particularly in th: 
A chain, and it is doubtful whether any of the pepti: 
or chymotryptic peptides are identical. Zuckerkand] 
et al.‘* have reported a parallel situation in the case 
of hemoglobins from a wide range of vertebrates 
They found that the tryptic fingerprints of hemo. 
globins from certain primates were almost identical, 
and had some peptides in common with those from 
other mammals such as ox and pig, whereas the 
fingerprints from three sub-classes of fish (bony fish, 
cartilaginous fish and lungfish) were very different 
from the mammalian hemoglobins and from each 
other. The present results with insulins support 
the idea that the molecular structure of functionally 
related proteins becomes progressively different the 
greater the phylogenetic divergence between the 
species producing the proteins. 

One of the difficulties in the present work was 
lack of sufficient cod insulin, and therefore methods 
for purification were first developed using another 
fish insulin which was available in large quantities 
(Shimizu Co., Japan), but only as a mixture from 
three fish (bonito, tunny and swordfish) referred 
to here as BTS insulin. This preparation had a 
potency of 14 units/mgm. (95 per cent confidence 
limits, 12-17 units/mgm.). Although it was a 
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Fig. 3. Peptide maps of enzymic digests of the separated A and 
B chains from cod and bovine insulins. The maps were obtained by 
high-voltage electrophoresis on Whatman No. 3 paper in pyridine 
acetic acid buffer at pH 3-6 followed by stitching the strip of 
paper bearing the peptides to another sheet for ascending 
chromatography in the second dimension (butanol/acetic acid 
water; 3:1:1). (a) Chymotryptic digests of cod and bovine A 
chains in the S-sulpho form (19 hr. at 37° C. in 1 per cent ammonium 
carbonate solution at pH 8-5); (6) peptic digests of cod and 
bovine B chains in the sulpho form (48 hr. at 37° C. in 0-1 M 
acetic acid) 
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Fig. 4. Peptide maps of (left), chymotryptic digest of BTS 


A chain (S-sulpho) and (right), peptie digest of BTS 


insulin 
insulin B chain (sulpho-). Conditions as for Fig. 3 


mixture of three insulins, the purified ‘BTS’ prepara- 
tion behaved like cod insulin both as the intact 
protein (see Fig. 1) and after oxidation with performic 
Fig. 2). It contained two C-terminal 
and asparagine, as in cod insulin. 


acid (see 


residues, lysine 


Fingerprints of peptic and chymotryptic digests of 


BTS B chains were almost identical to those of cod 
B chain, and it is therefore likely that cod B chain 
and the three B chains from BTS insulin all have 
very similar amino-acid sequences. These findings 
are surprising in view of the fact that the bonito- 
tunny-swordfish group and cod represent two 
different orders of bony fish (Perciformes and Gadi- 
formes, respectively). In contrast to the above, 
fingerprints of peptic and chymotryptic digests of 
BTS A chains appear to have only a few peptides 
in common with those of cod A chain, and since the 
total number of peptides from the hydrolysed BTS 
A chains is much greater, it is probable that the 
structure of the A chains of bonito, tunny and 
swordfish insulins differ among themselves as well 
as from cod A chain. Fingerprints of a chymo- 
tryptic digest of BTS A chain and a peptic digest of 
BTS B chain are illustrated in Fig. 4 

On treatment with dinitrofluorobenzene reagent’®, 
BTS insulin yielded four N-terminal residues, 
dinitrophenyl-glycine, dinitrophenyl-alanine, dinitro- 
phenyl-valine and dinitrophenyl-leucine, indicating 
the presence of several polypeptide chains in this 


mixture of insulins. Yamamoto, Kotaki, Okuyama 
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and Satake! have separated two insulins obtained 
from the bonito and showed that the N-terminal 
position of both A chains was occupied by glycine, 
but that one insulin had leucine at the N-terminal 
position of its B chain whereas the other had alanine. 

The above comparisons of cod insulin with BTS 
insulin indicate that these fish insulins, representing 
two orders within one class of animals, have many 
parts of their amino-acid sequence in common but 
that they differ radically from insulins of another 
class—the mammals. 

If it is assumed that the biological activity of 
insulin is determined by a 3-dimensional array of 
certain amino-acid side-chains then this specific 
configuration is likely to be the same for both cod and 
bovine insulins, since they have the same potency in a 
mammalian test system. Despite the similarity in 
potency of these insulins, it is clear that large regions 
of the molecule, particularly in the A chain, have 
altered in the course of evolution without changing 
the biological activity. Investigations of the amino- 
acid sequence of cod insulin are under way, and it is 
hoped that the establishment of those parts of the 
sequence which are common to this and other insulins 
may make it possible to suggest which regions of the 
molecule govern its biological action. 

We wish to acknowledge the support and interest of 
Dr. P. J. Moloney in this work, the testing of insulin 
potency by Dr. A. C. Wardlaw and advice in prepara- 
tion of the manuscript by Prof. C. 8S. Hanes. The 
work of one of us (G. H. D. ) has been generously 
supported by the National Research Council of 
Canada. 
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INHIBITION BY OXYGEN OF BIOSYNTHESIS AND ACTIVITY OF 
NITRATE-REDUCTASE IN AEROBACTER AEROGENES 


By FRANCIS PICHINOTY and LILIANE D’ORNANO 


Laboratoire de Chimie Bactérienne, Centre National de la Recherche Scientifique, C.R.S.I.M., Marseille 


‘ELL suspensions of Aerobacter aerogenes grown 
C in the absence of nitrate acquire anaerobically 
a nitrate-reductase activity in the presence of this 
compound. The process of adaptation is due to a 
de novo biosynthesis of this enzyme from free amino- 
acids'!. Moreover, the formation of nitrate-reductase 
induced by the ions NO,- or NO,- is greatly inhibited 
in aerobic cultures on a synthetic medium?. In the 


present article, we describe the effect of oxygen on the 
biosynthesis and the activity of the nitrate-reductase 
in non-proliferating suspensions of the same organism. 

A. aerogenes (strain LZ III-I) is cultivated on a 
synthetic medium described previously*. Aerobic 
cultures are grown in Erlenmeyer flasks with agitation. 
Anaerobic cultures are grown in flasks under vacuum 
or in deep cylindrical bottles. After incubation at 
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Fig. 1. Effect of aeration on the activity of nitrate-reductase. 
Cells: 1-5 mgm./ml. potassium nitrate is added at time UW. a, start 
of aeration ; 6, end of aeration. 1, system maintained in anaero- 
biosis; 2, system maintained in aerobiosis for 60 min, followed 
by anaerebiosis 


32° C. for 22 hr., the cells are centrifuged and washed 
with 0-2 per cent sodium ehloride. In each experi- 
ment the different systems contain the following: 
glucose, 50 umoles/ml.; potassium nitrate, 25 umoles 
ml.; washed cells, 1-4 mgm. (dry weight)/ml.; 
phosphate buffer. pH 7. 0-033 M; temperature 
37° C. Chloramphenicol is used at a concentration 
of 50 ugm./ml In the adaptation experiments, 
1 mgm./ml. of casamino-acids (Difeo) is added. 
At regular time-intervals Il-mi. aliquots are taken 
and the nitrite assayed colorimetrically. The 
nitrite-reductase activity of this strain being very 
weak, the formation of 1 umole NO,- corresponds to 
the reduction of 1 umole NO,-. The nitrate-reductase 
activity of the cells and of the extracts is determined 
by the rate of oxidation of a definite quantity of 
benzyl-viologen by an excess of nitrate, in vacuo, 
using phosphate buffer pH 7, 37° C., by a technique 
described in an earlier paper*. One unit of enzyme 
is that quantity which catalyses the reduction of 1 
umole/hr. of NO, The number of units contained 
in the cells and the extracts is reported per mgm. of 
protem nitrogen. 

In the first part of this work, we describe the 
effect of oxygen on the activity of intracellular 
nitrate-reductase. The reduction of nitrate to nitrite 
in induced cells is compared under aerobic and 
anaerobic conditions. This experiment is carried out 
in the presence of chloramphenicol with a very active 
cell suspension derived from an anaerobic culture 
grown on nitrate. During aeration of the suspension, 
no trace of nitrite appears, but nitrite formation 
resumes its normal rate when aeration is stopped. 
Curves | and 2 are exactly parallel. This experiment 
indicates that enzyme activity is inhibited reversibly 
by oxygen. We have verified that aeration does not 
affect the stability of the enzyme. Two identical 
systems, one aerobic and one anaerobic, are main- 
tained for 60 min. under conditions of the previous 
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experiment. The cells are then centrifuged and 
washed. The activities of the cells and corresponding 
extracts measured in the presence of benzyl-viologen 
(Table 1) show no diminution in the course of the 
aeration: the intracellular enzyme retains its activity 
after prolonged contact with oxygen. 


[Table 1. EFFECT OF AERATION ON THE ACTIVITY OF NITRATE- 
REDUCTASE 
Enzyme units 
Cell suspension agen . 
Cells Extracts 
Anaerobiosis, 60 min. 182 75 
Aerobiosis, 60 min. 187 93 


In a second series of experiments, we investigated 
the action of oxygen on the formation of the enzyme 
system. The basal activity of a cell suspension of an 
aerobic culture grown on nitrate, measured in the 
presence of chloramphenicol, is practically zero 
(curve 2, Fig. 2). In the absence of the antibiotic, 
the cells acquire rapidly a high activity under 
anaerobic conditions (curve 1, Fig. 2). About 40 min. 
after the addition of the inducer, the biosynthesis 
of the enzyme system stops and the quantity of 
nitrite formed after this time becomes linear with 
time. Two systems identical to the preceding one are 
subjected to violent aeration for 60 min. After 
aeration. chloramphenicol is added to one. No 
activity is found afterwards (curve 4, Fig. 2). In 
contrast, in absence of chloramphenicol, adaptation 
begins when aeration ceases and the cells thus acquire 
50 per cent of the activity of a suspension maintained 
constantly under anaerobic conditions (eurve 3, 
Fig. 2). These results indicate that the adaptation 
of the cells is inhibited reversibly by oxygen. ‘his 
phenomenon, which has likewise been demonstrated 
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Fig. 2. Effect of aeration on the biosynthesis of nitrate-reductase. 
Cells: 1-5 mgm./ml. potassium nitrate added at time 0. a, Start 
of aeration; 6, end of aeration. 1, System maintained in anaero- 


biosis; 2, system identical to 1 + chloramphenicol; 3, system 

maintained in aerobiosis for 60 min, followed by anaerobiosis; 

4, system identical to 3, chloramvhenicol added after 60 min. of 
aerobic invubation 
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Table 2. EFFECT OF AERATION ON THE BIOSYNTHESIS OF NITRATE- 
REDUCTASE 


No. 4791 


Enzyme units 
Cell suspension — - 
Cells 


Extraets 
Initial 0 0 
Induced in anaerobiosis, 60 min. 287 100 
Induced in aerobiosis, 60 min. 0 0 
Induced in aerobiosis, 60 min., 
followed in anaerobiosis, 60 min. 214 95 


by Pollock for Escherichia coli*, ean be attributed 
either to the inhibition of the biosynthesis of the 
enzymic system or to the irreversible inactivation 
of the system by contact with air. The experiments 
reported in the first part of this work definitely elimin- 
ate this second possibility. In order to confirm the 
previous observations, we have compared the activi- 
ties of extracts of cells induced under aerobic and 
anaerobie conditions. This experiment is performed 
exactly as the one described here with cells cultivated 
aerobically on an ammonium chloride medium. 
After incubation for 60 min. in the presence of the 
inducer, the suspensions are cooled to 0° and chloram- 
phenicol added to arrest protein synthesis immedi- 
ately. The cells are then centrifuged and washed. 
The activities of the cells and extracts are measured 
in the presence of benzyl—viologen. The results shown 
in Table 2 indicate that only extracts of cells induced 
under anaerobic conditions have significant activity. 
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Non-induced cells and cells induced aerobically are 
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completely inactive. On the other hand, cells which 
have been incubated aerobically synthesize as much 
enzyme as the un-aerated suspension when anaerobic 
conditions are commenced. The significance of this 
latter experiment is clear : oxygen reversibly inhibits 
the biosynthesis of nitrate-reductase. 

Many facultative aerobic bacteria are able to 
oxidize anaerobically certain organic compounds or 
mineral substances in the presence of nitrate and 
utilize the energy thus liberated for the biosynthesis 
of cell matter. There is reason to think that with 
these organisms, where nitrate replaces oxygen as 
the final electron acceptor in the respiratory chain, 
nitrate-reductase plays a part analogous to cyto- 
chrome-oxidase. It is also known that the oxidation- 
reduction process of denitrification is generally absent 
in aerobic cultures’. One can now anticipate that 
one of the causes of this important phenomenon 
resides in the inhibition of biosynthesis and activity 
of the nitrate-reductase. These investigations will 
be extended to true denitrifying organisms in the 
sense of Kluyver’. 

? Pichinoty, F.,and D’Ornano, L., C.R. Acad. Sci., Paris, 252,793 (1961). 

® eet F., and D’Ornano, L., Biochim, Biophys. Acta, 48, 218 

* Pichinoty, F., Folia Microbiol., 5, 1 (1960). 

* Pollock, M. R., “Induced Formation of Enzymes”, in The Enzymes 
(Academic Press, Inc, 1959). 


* Kluyver, A. J., “Some Aspects of Nitrate Reduction”, in Symposium 
Microbial Metabolism (Istituto Superiore di Sanita, Rome, 1953). 


COMMON CARRIER SYSTEM FOR SUGAR TRANSPORT IN 
HUMAN RED CELLS 


By Dr. L. LACKO and Dr. M. BURGER 


Institute of Hematology and Blood Transfusion and Institute of Biology, Czechoslovak Academy of Science, Prague 


rT HE interesting findings of Heinz!:*, who described 
| the counterflow transport of amino-acids in 
Ehrlich ascites carcinoma cells, made it possible 
to study transport systems across the cell membrane 
from a new point of view. By applying this concept 
to the study of the mechanism of sugar influx into 
cells (for example, erythrocytes), transport systems 
common to various sugars can be determined. 

We are presenting some facts to prove that, 
whereas one group of sugars is transported into 
erythrocytes by an identical carrier system, another 
group is not. Two experimental observations form 
the basis of our work. (1) It has been proved that 
red cells are capable of exchanging sugars such as 
glucose—mannose by the counterflow mechanism. 
(2) Counterflow transfer can be distinguished from 
normal transport (without exchange) by incubating 
erythrocytes at a lower temperature (0° C.) at which, 
as has been shown, exchange transfer prevails. At 
0° C. a marked influx of sugar into red cells only 
occurs if another sugar leaves the cells simultane- 
ously*. 

Human blood was collected into an ACD (trisodium 
citrate 1-1 gm.; citric acid 0-4 gm.; glucose 3-5 gm.; 
water 100 ml.) solution and left at room temperature 
for 30 min. to allow for the entry of glucose into 
erythrocytes. The red cells were separated from the 
plasma by centrifugation; 1 ml. of the packed red 
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Fig. 1. Content of glucose in erythrocytes during incubation of 
glucose containing cells in media with different sugars. 
x , level of glucose in erythrocytes at the beginning of the experi- 
ment. Content of medium: ©, 0°90 per cent sodium chloride; 
Cj, 0°98 per cent sodium chloride; A, L-sorbose; @, D-fructose; 
®@, p-arabinose; A, b-ribose; , D-galactose; ], D-mannose; 
\, D-xylose. 
The sugars were present in the media in concentration 2-8 x 
10-* M dissolved in 0-90 per cent sodium chloride 
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Fig. 2. Content of sugars in erythrocytes during incubation of 


cells containing glucose in L- and D-arabinose. 

rhe first two columns represent standards of D-glucose D- and 

L-arabinose; E represents content of glucose in erythrocytes at 

the beginning of the experiments. The following columns represent 

the amount of sugars in red cells after various time (min.) of 

incubation in L- and D-arabinose and saline 
cells was incubated at 0° C. in 10 ml. of a 2-8 x 
10-? .W solution of sugars in 0-90 per cent sodium 
chloride and, in a control experiment, in a sugar- 
free solution of 0-90 per cent and 0-98 per cent sodium 
chloride, respectively. At various time-intervals the 
sugar content of the red cells was determined by the 
process described in ref. 4. Fig. 1 shows that glucose 
leaves the red cells rapidly if p-galactose, D-mannose 
and D-xylose are present in the medium; however, in 
the presence of p-fructose, D-arabinose 
and p-ribose the efflux of p-glucose is considerably 
slower, as it is into media containing sodium chloride 
only. By means of paper chromatography® we found 
that if the glucose efflux from the red cells was fast 
the sugar present in the medium appeared simul- 
taneously in the red cells instead of glucose and that 
the sugar influx corresponded approximately to the 
glucose efflux. 

The chromatogram (Fig. 2) shows an example of 
the substitution of glucose by another sugar (L-arabin- 
ose) in the red cells; yet another sugar (p-arabinose) 
does not have this effect, so that during the experi- 
ment the glucose-level in the red cells 
unaltered whether they are incubated in p-arabinose 
or in saline. 

Similar experiments showed that there are two 
groups of sugars, one of which (p-galactose, D-man- 


L-sorbose, 





remains 
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L-arabinose, D-xylose, D-lyxose, 2-deoxy-pD- 
glucose, 2-deoxy-D-galactose) enters the erythrocytes 
at 0° C., whereas another group of sugars (D-fructose, 
L-sorbose, D-arabinose, D-ribose, L-rhamnose, L-fucose 
does not enter the red cells under these conditions. 

It can be assumed that the first group of sugars 
shares the same carrier system when entering the 
red cells, and that this system is not identical with 
that used by the other group of sugars. We were 
interested to ascertain whether the second group, 
though not using the same carrier system as the first 
group, has not one carrier system in common as well. 
However, on using erythrocytes containing sorbose, 
we did not observe any exchange of this sugar by 
p-fructose, D-ribose and pD-arabinose. 

A comparison of the structure of the 
investigated showed that aldoses using the same 
carrier system have one structural property in 
common, in that they belong to the homomorphous 
series of sugars with L-arabino, p-xylo and p-lyxo 
configuration, whereas sugars of the homomorphous 
series with p-arabino, D-ribo and L-lyxo configuration 
do not have this carrier system in common. This 
does not hold for ketoses, judging from the fact that 
D-tagatose, which belongs to the homomorphous 
series with the p-lyxo configuration, nevertheless did 
not replace glucose in our experiments. Our results 
are partly in keeping with LeFevre’s* conception 
that the greater the affinity of sugars to the carrier 
system, the greater the stability of sugars in the 
C-1 conformation’. However, our results suggest 
that there is no gradual transition between the two 
groups but a sharp division, the first group having 
the same carrier system in common whereas the other 
has not. It is also important to note that glucose was 
substituted in our experiments by D-lyxose but not 
by pD-ribose although. according to LeFevre, the 
former has a higher dissociation constant in the 
carrier complex than D-ribose®. 

Our thanks are due to Mrs. L. Hejmova and Mrs. 
H. Kopecka for technical help and to Dr. M. Cerny 
for valuable criticism and for the gift of some sugars. 
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Sugars 


' Heinz, E., J. Biol. Chem., 211, 781 (1954). 

* Heinz, E., and Walsh, P. M., J. Biol. Chem., 233, 1488 (1958). 

* Rosenberg, T., and Wilbrandt, W., J. Gen. Physiol., 41, 289 (1957). 

* Lacko, L., Burger, M., Hejmova, L., and Rejnkova, J.. Membrane 
Transport and Metabolism—Symposium, 399 (Publishing House 
of Czechoslovak Academia of Science, 1960). 





Burger, M., Hejmova, L., and Kleinzeller, A., Biochem. J., 71, 233 
(1959). 

* LeFevre, P. G., and Marshall, J. K., Amer. J. Physiol., 194, 333 
(1958). 


* Reeves, R. E., J. Amer. Chem. Soc., 72. 1499 (1950). 


STEROL REQUIREMENTS OF THE SILKWORM, BOMBYX MORI 
By Dr TOSHIO ITO 


Sericultural Experiment Station, Suginami-ku, Tokyo 


N a previous paper! I showed that soybean oil was 

necessary for the sub-optimal growth of the 
silkworm, Bombyx mori, and that no larva reached 
the second instar without oil, so far as the diet, 
containing 10 per cent mulberry leaf powder, 14 
per cent cellulose powder, and other nutrients such 
as sucrose, soybean casein, and inorganic salts, was 
used. Subsequent experiments? showed that the 
effect of soybean oil could be attributed principally 


to the unsaponifiabie matter, and not to fatty acids 
of the oil. In this connexion, the nutritive effects 
of sterols were tested recently and it was proved that 
silkworm larve required them for growth and develop- 
ment. The present communication gives a prelimin- 
ary account of the results. 

For testing the effect of sterols, artificial diets were 
used. The methods of preparing the diets and of 
rearing the larve have already been described’ *. 
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The composition of the diet is presented in Table 1, 
which is somewhat improved on that used in an 
earlier work'. The vitamin mixture employed is 
shown in Tabie 2. The amount of sterol added was 
i mgm. to each l-gm. dry diet. Rearing was carried 
out in a Petri dish, as shown previously, 20 larvx 
for each dish, in duplicate. All tests were started 
with newly hatched larve, and dishes were kept at 
25°C. The criteria used determining efficiency of a 
diet were the increase in weight and the number of 
larve which reached through various instars in 17 
day 8. 

All the tests with sterols were carried out in 
combination with soybean oil (4 per cent), since the 
presence of the latter substance enhanced feeding 
greatly, while the addition of some of the sterols used, 
and no oil addition, resulted in the reduction of the 
feeding. The results obtained are summarized 
in Table 3. 

On the control diet without sterol, most of the larve 
reached the second instar, because of the presence 
of 4 per cent oil. The effect of the oil at varying 
concentrations has been presented already?. Those 
larve growing on such a diet deficient in sterol 
eventually died without reaching the third instar. 
However, the addition of sterol to the diet had a 
marked positive effect on the rate of growth. Such 
an effect varied with different sterols ; most noticeable 
with either 8-sitosterol or stigmasterol, intermediate 
with cholesterol. and rather poor with ergosterol. 
When the diet contained approximately 0-1 per cent 
additional §-sitosterol, silkworm larve increased 
their weight most and reached the fourth instar 
rather sooner, and the lowest mortality occurred. 
Almost similar effects were obtained with one of the 
phytosterols, stigmasterol. 

The requirements for sterols in insects have been 
well established and several reviews on this subject 
are available*. So far investigations show that no 


Table 1. COMPOSITION OF THE DIET 


Amount Dry diet 
Substance 





Mulberry leaf powder 0-6 10 
Starch (potato) 0-9 15 
Sucrose 1-2 20 
De-fatted soybean casein 1-2 20 
Soybean oil (unrefined) 0-24 4 
Wesson's salt mixture 0-06 1 
Cellulose powder (General Bio- 

chemicals, Inc., Ohio) 18 30 

6-00 100 

Vitamin mixture 2-37 mgm. 
Sterol, where necessary 6 mgm. 
Distilled water 9-0 ml. 


Table 2. COMPOSITION OF THE VITAMIN MIXTURE 





Amount added to 
6 gm. dry diet (ugm.) 


Vitamin 


Biotin 10 

Calcium pantothenate 100 

Choline chloride 1,000 

Folic acid 10 | 

Inositol 1,000 

Niacin 100 

Pyridoxine hydrochloride 50 

Riboflavin 50 | 

Thiamine hydrochloride 50 | 
Total 2,370 





All vitamins, except for choline chloride and inositol, were kindly 
— by Dr. G. 8. Fraenkel, Department of Entomology, University 
0 linois. 
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OF STEROLS ON GROWTH, DEVELOPMENT AND 
SURVIVAL OF THE SILKWORM 
Number of larve reached through various instars in 17 days, out of 
20 newly hatched larve (mean of two batches) 


fable 3. EFFECT 


Sterol Second instar rhird instar Fourth instar 
Nil 17-5 0 - 
Cholesterol 18°5 13-0 3°5 
Ergosterol 18-0 6-5 } 0 
8-Sitosterol 17-5 17-0 | 14-5 
Stigmasterol 19-0 17°5 11-0 


weight of surviving larve, out of 20 (mean of 
two batches) 


Number and average 


After 14 days 


After 17 days 


Weight 


Sterol Weight 
No. (megm.) No. (mgm.) 
Nil “0 6-6 0 
Cholesterol 14-0 16°5 12-5 28-6 
Ergosterol 8-0 77 4-5 77 
B-Sitosterol 18-0 43°4 17-0 82-0 
Stigmasterol 17-5 30-6 15-5 49°5 


B-Sitosterol was purchased from Nutritional Biochemicals Corp., Chio, 
and other sterols were kindly supplied by Dr. H. Lipke, Army Chemical 
Center, Maryland 


insect exists which does not require a dietary 
source of sterol. Nevertheless, the majority of 
such data is based on the experiments with non- 
phytophagous insects, and sterol requirements in leaf- 
feeders have seldom been analysed. Though the 
testing period in this work is limited to a certain 
period of life of the silkworm, it is evident that the 
silkworm requires sterols for growth. Cholesterol 
has been used in common in investigations concerning 
nutrition of insects, but it has been shown that in 
some forms other sterols can be substituted for 
cholesterol. The effectiveness of substitution varies 
depending not only on the insect species under 
investigation but also on the kind of sterols tested. 
In some insects it has been reported that phytosterols 
must be used at a higher concentration in the diet, 
when substituting cholesterol for them. In the 
silkworm §-sitosterol and stigmasterol were more 
effective than cholesterol. The effectiveness of 
cholesterol might be reduced, at least partly, by its 
retarding or inhibitory effect on feeding (Ito, T., 
unpublished work). 

One of the components of the test diet, mulberry 
leaf powder, contains phytosterols*:*, which have also 
recently been extracted in a crystalline form by me 
from mulberry leaves. Furthermore, soybean oil 
added as one of the ingredients contains phytosterols. 
However, it is clear that the quantity of sterols from 
both sources only is not enough for further growth 
beyond the second instar. The formula C,,H,,O0 
was suggested for mulberry leaf sterol some thirty 
years ago, and another one later’. However, this 
must be re-investigated, in view of recent progress in 
steriod chemistry. Mulberry sterols were also of 
positive nutritive effect for the silkworm (Ito, T., 
unpublished work). 

Further details will be published in the Bulletin of 
the Sericultural Experiment Station. 


1Ito, T., Proc. Japan Acad., 36, 287 (1960). 

2 Ito, T., Bull. Seric. Exp. Sta., 16, 311 (1961). 

* Trager, W., in Insect Physiology, edit. by Roeder, K. D., 350 (John 
Wiley and Sons, Inc., New York, 1953). Lipke, H., and Fraenkel, 
G., Ann. Rev. Entomol., 1, 17 (1957). Horning, M. G., in Chol- 
esterol, edit. by Cook, R. P., 445 (Academic Press, Inc., New 
York, 1958). Fraenkel, G., Ann. New York Acad, Sci., 77, 257 
(1959). 

* Yoshida, T., Bull. Seric. Exp. Sta., 8, 35 (1930). 

* Murao, S., Kumamoto Med. J., 13, 681 (1937). 
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PATTERN OF PYRETHRIN-RESISTANCE IN HOUSEFLIES 


By B. C. FINE 
London School of Hygiene and Tropical Medicine, Keppel Street, London, W.C.! 


N 1953, Busvine! found that a strain of houseflies, 

selected for resistance to paralysis (knockdown) 
induced by DDT, had its tolerance to Pyrethrum 
raised incidentally to a level of 11-5 times the normal. 
Correlations between DDT- and pyrethrin-resistance 
have since been reported in bed bugs* and the tick, 
Boophilus decoloratus'. It appears that in some 
circumstances resistance to the two insecticides is 
related 

In order to gain a wider understanding of pyrethrin- 
resistance and its associations with DDT-resistance, 
selection experiments and toxicological work have 
been carried out on three strains of houseflies. One 
strain, the Swedish. was provided by Mr. J. Keiding 
in 1959. By 1956 these flies had developed resistance 
to many of the chlorinated hydrocarbons and para- 
thion. Synergized pyrethrins were then used to 
control the flies, but in 1958 it was reported that they 
had become resistant to Pyrethrum and synergized 
Pyrethrum. The levels of resistance were respectively 
11-14 times and 10-7 times that of a susceptible 
strain’. The second strain originated in Omdurman., 
Sudan, where it developed high levels of resistance to 
y-BHC and related compounds’. The third strain was 
4 normally susceptible strain. 

The flies were reared according to standard tech- 
niques and toxicological measurements were made by 
topical application of a measured drop (0-34 ul.) to 
the back of the thorax of female flies*. The insecti- 
cides were dissolved in either Shell Risella oil or di- 
(2 ethylhexyl) phthalate (DOP). which are non- 
volatile solvents. The use of volatile solvents such as 
acetone is known to exaggerate the measure of resist- 
ance to DDT appreciably’. Preliminary tests carried 
vut on the Swedish strain showed that resistance to 
Allethrin in acetone was approximately eight times 
the level recorded for Allethrin dissolved in Risella 
oil. In Table 2 it will be seen that resistance-levels 
for Allethrin and Pyrethrum in Risella and DOP are 
not the same: when compared to Risella oil. the use of 
DOP tends to resistance to certain 
pyrethroids by a factor of approximately two. In 
view of the fact that toxicity varies according to the 
nature of the solvent, caution should be exercised in 
resented here with those of 
techniques. 
by 


exaggerate 


comparing the results 
other authors who employed different 
Susceptibility to knockdown was determined 
exposing female flies to dry residues of DDT applied 
to glass surfaces at a rate of 0-01 mgm./em.?'. 

The Swedish strain was inbred and then selected 
for resistance to Pyrethrum over eight generations. 
Selection was carried out by topical application. 
The Omdurman strain was selected over 23 genera- 
tions for resistance to knockdown by DDT. In this 
the DDT-treated glass surfaces acted as the 
selective agent. In Table 1 the effects of these selec- 
tion procedures are presented. During the last stages 
of selection, the toxicity of various pyrethroid and 
non-pyrethroid insecticides was measured by topical 
application against the Swedish, Omdurman and 
The results are presented in Table 
The results are expressed 


case 


susceptible flies. 
2 and illustrated in Fig. 1. 





Table 1. EFFECTS OF SELECTION ON THE SWEDISH AND OMDURMAN 
STRAINS 
Increase in 
resistance as a 
Swedish Omdurman result of 
selection * 
After 8 
genera- After 23 
tions of genera- 
Before selec- Before tions of Oma 
selec- tion selec- selec- Swedish = aur 
tion with tion tion — 
Pyre- with 
thrum DDI 
LD so 3-6 14:3 0-54 11-9 3-9 oe 
fgm./fly 
Pyre- 
thrum 
(R) 
LDso >10°2 > 10-2 2:7 >10-2 No > 3-7 
ugm./fly meas- 
DDT (R) urable 
loss in 
resist- 
ance 
KT; hr. — > 24 0-8 > 24 30 
DDT 


* Represented by ratio eg 34 : ae schoatine 

: LDs, or KT. before selection 
in terms of LD;, (median lethal dose) or KT, 
(median knockdown time). These values’ were 
estimated from log-dose probit lines. Insecticides 
dissolved in Risella or DOP are indicated in Fig. 1 
and Tables 1 and 2 by the symbols (R) and (D) 
respectively. 

The results presented in Table 1 show that selection 
with Pyrethrum in one strain and with DDT in 
another each serve to raise resistance to Pyrethrum. 
Furthermore, the patterns of resistance to pyrethrins 
and related compounds as illustrated in Fig. 1 are 
similar, suggesting that the type of Pyrethrum- 
resistance in the two strains is fundamentally the 
It may be argued that the apparent correla- 





same. 
lable 2. MEDIAN LETHAL DOSES IN wGM. PER FLY OF VARIOUS 
INSECTICIDES FOR THE SUSCEPTIBLE, SWEDISH AND OMDURMAN 
STRAINS 
LD gm./ fly Level of resistance * 
Insecticide Sus- Omdur- Omdur- 
ceptible Swedish man Swedish man 
Pyrethrum (R) 0-46 14°3 11-9 31+1 
Allethrin (R) 0-40 14-6 9-5 36°5 
Cyclethrin (2) 0-52 27°32 19-0 52°3 
Barthrin (2) 0-338 21-7 22°4 24-6 
Pyrethrum (D) 0-71 43-1 4-1 60-7 18-0 
Pyrethrum 
injected (D) 0-37 3:7 31 10 4 s4 
Allethrin (D) 0-81 61-2 75:5 
Furethrin (D) 1-4 + 292 + 170 208 121 
DDT (R) + 0°27 > 10-2 10-2 >37-7 77 
Dieldrin (R) + 0-027 0-14 1-9 5:2 70-3 
Lethane (R) 4-4 3°8 6-5 2-0 15 
Malathion (D) 1-2 v4 2 $5 6 
? LD,,. Swedish or Omdurman strains 
7 > > > > ° ry 
Represented by ratio: LD,» susceptible strain 
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Fig Patterns of pyrethrin-resistance in two strains of houseflies 


tion between DDT- and pyrethrin-resistance in the 
Swedish strain has resulted from prior use of both 
insecticides in the field. However, a definite relation- 
ship between resistance to the two insecticides is 


shown here for the Omdurman flies, which were 
susceptible to Pyrethrum and only moderately 
tolerant to DDT before selection was initiated 
(Tables 1 and 2). The nature of this relationship 
remains obscure. It could be dependent on a single 
mechanism of resistance which acts with equal 


facility against either insecticide. Such a mechanism 
is unlikely to be related to the activity of the enzyme 
DDT-dehydrochlorinase because DDT and pyrethrins 
are chemically very different. An _ alternative 
explanation for the association between DDT- and 
pyrethrin-resistance is that there are separate 
resistance mechanisms which have a _ correlated 
genetic basis in the form of pleiotropism, modifying 
genes or closely linked genes. However, it is doubtful 
whether the same complex genetic apparatus would be 
responsible for DDT- and pyrethrin-resistance occur- 
ring together in different species. 

The two resistant strains are also more or less 
resistant to dieldrin and malathion. Dieldrin- 
resistance, being greatly different in the two strains, 
is probably not related to pyrethrin-resistance. 
Tolerance to malathion in both strains may be due 
to previous use of this insecticide in the field. 

The results presented here also provide some 
preliminary information about the nature of pyreth- 
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rin-resistance. The high levels of resistance obtained 
for Pyrethrum and the synthetic pyrethroids are 
indicative of physiological resistance rather than 
‘vigour tolerance’. Lethane, an organic thiocyanate, 
is chemically unrelated to any of the other insecti- 
cides used. Resistance to Lethane can, therefore, 
be used as a measure of ‘vigour tolerance’. Tolerance 
to this insecticide is of a low order in both resistant 
strains, and therefore the contribution of non-specific 
factors to pyrethrin-resistance is negligible. The 
high order of resistance to Pyrethrum in the Swedish 
and Omdurman strains is greatly reduced when 
measured drops of the insecticide are injected into the 
flies instead of being applied to the back of the thorax 
(Table 2). This does not necessarily indicate that the 
cuticle of resistant flies is less permeable to insecticides 
than the integument of susceptible individuals. The 
loss of resistance on injection may be due to a sudden 
flooding of the protective mechanism of resistant 
flies*. Alternatively, the protective mechanism may 
be concentrated in the cuticle and is by-passed on 
injection. 

It will be observed from Fig. 1 and Table 2 that 
resistance to Pyrethrum extends to all the pyrethroids 
tested. It would appear that the same defence 
mechanism can cope with all these insecticides. It is 
also noteworthy that the highest levels of resistance 
are obtained for the two compounds, Cyclethrin and 
Furethrin, which do not have an open side chain to 
the keto-alcohol. 

Further genetic, biochemical and toxicological work 
is being undertaken in order to investigate some of 
the problems raised in this article. 

This work was supported in part by a grant from 
the South African Council for Scientific Research 
while I was holder of a Union Postgraduate Scholar- 
ship from the University of the Witwatersrand, 
Johannesburg. The Pyrethrum Board of Kenya and 
Mitchell Cotts and Co., London, supplied samples of 
Pyrethrum. Allethrin, Barthrin, Cyclethrin and 
Furethrin were supplied as samples of commercial 
products by McLaughlin Gormley King Co., Minne- 
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ARTHROPOD TRANSMISSION OF MICRO-ORGANISMS 
By Dr. JOHN MACLEOD 


Field Research Laboratory, Animal Health Division, Ministry of Agriculture, Blackford, Carlisle 


i is becoming increasingly difficult to treat as 
separate subjects the propagation of a micro- 
organism which is acting as an animal or plant 
pathogen and the similar propagation of one not 
causing disease. There is a growing need for a common 
terminology, but, until our knowledge of microbial 
biology has expanded very considerably, it is not 
likely that agreement about this will be reached. In 


the meantime we can at least so define some of the 
terms in present use that they can if necessary be 
applied without further ad hoc definition outside the 
particular field for which they were coined. The 
terminology of biological transmission of disease 
agents by arthropods has now reached a stage where 
precise definition and some revision are necessary. 
The reasons for these and the rationale of a suggested 
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system are given here in the hope that they may 
help to form the basis of an agreed terminology in 
which a term means what it says, and can so be used 
irrespective of the precise context. 

The usual division of transmission mechanisms is 
into mechanical and biological. The distinction 
between these has been vy ariously interpreted as either 
or both multiplication of the agent within the 
arthropod and existence of an extraneous incubation 
period of the disease ; different interpretations of what 
constitutes multiplication within the vector, and 
even the acceptance of simple invasion of the vector 
tissue prior to transfer as sufficient criterion for 
biological transmission, have further confused a 
classification at no time adequately defined, and now 
untenable as a simple dichotomy in the light of 
modern knowledge. Day’, reviewing the mechanisms 
of arthropod transmission of viruses, suggested that 
“the cyeclopropagative type best describes most 
examples of biological transmission of viruses by 
arthropods”. This, however, begs the question of 
defining the limits of the biological type. In the 
following proposed scheme this time-hallowed term 
has been dropped as a description of a defined 
category. 

We could usefully take the two terms ‘horizontal’ 
and ‘vertical transmission’, suggested by Gross? for 
transmission of a pathogenic agent, as describing the 
limiting conditions. ‘Horizontal’ means spread 
between contemporaries, that is, from one host to 
another, usually of the same generation, whether by 
contact, by fomites, or biological being immate rial. 
‘Vertical transmission’, on the other hand, is from one 
generation to the next m the same line, that is, 
hereditary, though not genetically inherited. Patho- 
genic agents thus transmitted from host to offspring 
are often latent, and their presence may be unsus- 
pected until circumstances upset the host—microbe 
equilibrium, or horizontal transmission 
another host. and disease results. Such agents may 
enter a spell of horizontal propagation before reverting 
to the vertical mode. It thus seems theoretically 
possible for the same organism to have a strictly 
hereditary (vertical) mode of transmission, and a 
strictly infectious (horizontal) mode, and to oscillate 
between, as, for example, with the 


occurs to 


irregularly 
phages®. 

Between these limiting types of transmission there 
are the types which involve two host species—the 
ziz-zag transmission of Andrewes*. It is with these 

1 am mainly concerned here, but Gross’s terms are 
useful not only in defining the extremes of the range 
of propagation methods but also in helping to clarify 
our appreciation of the fundamental differences 
between these extremes. In horizontal transmission 
it is not of immediate importance—to the organism- 
whether or not the host be killed. In vertical trans- 
mission the organism obviously must not kill its 
host, at least until the next generation is established : 
it is generally avirulent or inactive. In vertical 
transmission the microbes might indeed be regarded 
as disease agents ‘looking for a disease’, but because 
of the possibility of cscillation of their mode of 
transmission they cannot be ignored, even by the 
specialist interested only in the ‘discase’ reaction of 
the definitive host to infection. 

The concept is so useful that where the terms can 
be adapted to the special case of arthropod transmis- 
sion, without doing violence to their original definition, 
there is a case for using them. 


NATURE 


August 26, 1961 vox 9: 


Types of Transmission 


Excluding the accidental type of transference 
arising from surface contamination, for example of 
the feet or proboseis of the insect, eight types of 
process or sequence can be recognized in significant 
transmission of disease to vertebrates by arthropods 
which actually ingest the infected tissue; they are 
probably equally applicable in the case of plant hosts: 

(1) Mechanical. This may be by direct inoculation 
(flying needle), as in myxomatosis, or indirect, by 
contamination, for example by regurgitation or 
defecation on food, as with poliomyelitis and flies. 
There need not be multiplication in the vector, 
and the duration of infectivity is often quite short. 
This type probably includes groups I and II of 
Watson’s® list of plant viruses. 

(2) Simple multiplicative. For example, plague 
bacilli in fleas. This may also be the type cecurring 
in lice infection with Rickettsia quintana of trench 
fever, that is, there may even be an ‘extrinsic ineuba- 
tion period’ before transmission of the organism is 
possible. Nevertheless, this should be regarded as 
direct transference from host to host, on the grounds 
that the organism does not dwell in the vector tissue. 
Multiplication is only incidental to the sojourn in the 
shelter of the vector’s intestinal tract, and is not 
essential, since theoretically the original units them- 
selves might cause the infection of the new host 
Some of Watson’s group III viruses are probably 


transmitted in this manner, although some, and 
all his later, groups belong to my next main 


category. 

The transmission in these two types is strictly 
horizontal in the sense that Gross uses the term, and 
it is suggested that, for arthropod transmission, the 
term be used to separate them from the second main 
category, in which the organism invades the tissue 
of the vector. 

In other cases the organism may become more 
intimately associated with the vector. Invasion of 
the tissue occurs, and the association, so far as the 
original units are concerned, may be regarded as the 
end of the journey, instead of the mere scjourn it 
represents in horizontal transmission. Multiplication 
of the organism within the tissues of both hosts is 
probably necessary to propagation, aod Andrewes’s 
term ‘zig-zag’ is suggested as a comprehensive term 
for this class of transmission. The term is less con- 
fusing than ‘developmental transmission’, since this 
has been used also for trapsmissicn involving develop- 
ment of the vector from the infected instar to the 
next before it becomes infective. 

These ‘zig-zag’ transmission sequences might be 
encompassed within one stage of the vector’s life- 
history (intra-stadial); may involve stage-to-stage 
survival, or the organism may survive throughout a 
complete stage, for example from the infected larva 
of a fly through the pupa to the infective adult. The 
term ‘trans-stadial’ is probably the most useful for 
this last. Unfortunately, this term has also been 
used, wrongly, for stage-to-stage, that is, implying 
‘trans-moult’ only. The confusion is not restricted 
to comparison of descriptions by different writers: 
in a recent American paper the term was defined 
early in the article as meaning passage of disease 
agents between active stages of a vector, and used later 
in the same article to refer to passage from the larva 
to the female tick, that is, across a complete inter- 
mediate stadium. 
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For the above three types the following names are 
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suggested : 

(3) Intra-stadial transmission. The infected stage 
becomes infective. For example, the products of 
intra-cellular multiplication of Rickettsia prowazekii 
in the epithelium of the louse gut may result in the 
feces of the same instar becoming infective. Classical 
examples are the mosquito-malaria and _ tsetse- 
trypanosomiasis associations. 

(4) Stage-to-stage transmission. That is, one stage 
becomes infected, the next infective. This accepted 
term is clear and convenient, and only for adverbial 
use would a single term be more convenient: ‘ecdysial’ 
This type is common in arthropods 
for example 


might serve. 
which have one meal per stadium, 
three-host ticks. 

In this and the following types it is assumed that 
multiplication of the organism occurs in the vector. 
It may happen that among the Protozoa, and possibly 
the Rickettsiae, there is elimination of all the ingested 
elements except a limited number which survive 
either because of their stage of development or by 
accident of their location; these could conceivably 
remain in a non-multiplying form for long periods, 
but an ultimate phase of multiplication seems an 
unavoidable precursor to infectivity. With the 
viruses, multiplication has been demonstrated in, 
for example, Colorado tick fever, and it is probably a 
safe assumption that this must usuaily occur in the 
vector, in view of the die-away rate to be expected 
and, in the case of ticks, of the long periods usually 
involved in metamorphosis. 

When stage-to-stage transmission occurs and the 
infective vector feeds, three things may happen: 
(a) it may lose its infection, either by ‘cleansing’, 
due to some immunity process, or through absence of 
opportunity for re-infection; (6) it may become 
re-infected by its own strain (type 5); (c) it may 
retain a residual infection in its tissues, so that 
the next stage in that generation is also infective 
(type 6). 

In (a) and (c) it is to be supposed that the result is 
not affected by the fate of the infection passed to the 
host; the invading organism may have been killed 
‘at the beach-head’, may have multiplied to cause an 
inapparent infection, without high concentration at 
the infection site, or may have increased rapidly in 
frank infection. Where the vertebrate host reacts to 
infection the (6) kind of transmission sequence—a 
modified stage-to-stage type—may be generated: if 
the vector’s meal is sufficiently prolonged, as is 
sometimes possible with ixodid ticks, or where it 
can have a series of meals on the same host, as with 
argasids, fleas or bed-bugs, then re-infection may 
occur 

(5) Re-infecting transmission. In this the infecting 
stage gets back its own infective strain, possibly made 
more virulent or otherwise conditioned by its short 
hemoiothermous spell. Such re-infection has also 
been described as perpetuation of infection. This 
term is obviously unsuitable where the vector is 
limited to one meal per life-stage, since it might 
have to be applied to continuation of infectivity 
merely through a single ecdysis—nymph to adult— 
in a case where infection was not hereditary. 


With certain organisms, for example Theileria 


parva, this re-infection of the infecting tick is neces- 
sary, that is, trans-stadial survival apparently does 
not occur, but in many instances it will be difficult 
to determine whether the infectivity of the vector is 
due to trans-stadial survival or re-infection. 
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Where re-infection occurs regularly, and there is 
no hereditary barrier in the vector, then indefinite 
perpetuation should occur, differing from the vertical 
transmission of Gross only in that the organism is 
subjected to a regular alternation of arthropod and 
vertebrate host. It is tempting to use Andrewes’s 
term ‘zig-zag’ to distinguish this modified form of 
vertical transmission sequence, but this would be an 
unjustifiable restriction of the original intention of 
the term. 

(6) Trans-stadial transmission. This means the 
carrying over of infection, latent or residual, through- 
out a complete stage, and through two ecdyses. The 
intermediate stage may be active, as in the case of a 
three-host tick, where infection acquired by the larva 
would be transmissible by the female, whether or not 
the nymph was infective. 

It is to be noted that in these definitions the term 
infection is applied, for convenience, to the stage 
which takes in the infected meal. A tick larva thus 
acquires infection in an uncritical sense, but the 
infective agent may never invaae an organized larval 
tissue, that is, the nymph may well be the first stage 
to become infected in the strict sense. In trans- 
stadial transmission, the nymph may or may not be 
infective. With ticks infected as larve with tick- 
borne fever, for example, the nymphs are infective; 
if they feed on a non-susceptible host, the female is 
still infective. In the intermediate stage, however, 
the infection may be latent, or infectivity may be 
frustrated as in a pupal stage. 

(7) Transoval transmission. This is merely a special 
instance of type 6—trans-stadial transmission— 
since the egg is the equivalent of a stadium, but it 
requires to be separately described for two reasons: 
(a) The mechanism of a transoval barrier to propaga- 
tion of a microbe may be different to that preventing 
trans-stadial propagation. Trans-stadial survival is 
possible without hereditary survival, for example 
in tick-borne fever of sheep. (6) Transmission from 
the adult to the larval stage may not be through the 
female; infection of the egg may be due to the male. 
This possibility of male transmission will probably 
receive more attention in the future than it gets at 
present, for the possibility of doubling the infection- 
rate in the larval population is obviously going to be 
extremely important in those cases where there is 
only a very low percentage ‘take’ among adults 
exposed to infection. 

The most commonly used term to-day for hereditary 
transmission in the vector is ‘transovarial’. It is 
regrettable that this word has crept into general 
usage, for it is unsatisfactory on two counts: (a) it 
excludes transmission by the male to the zygote; 
(b) although the prefix ‘trans’ is permissible for an 
imagined passage across a complete stadium, ‘trans- 
ovarial’ merely implies passage across an adult 
organ. Even conceding that it could be taken to 
mean penetration into the ovariole, it is still inade- 
quate as it does not necessarily imply entry into the 
egg or persistence into the larval stage. 

There may be objection to the term ‘hereditary’ 
because of the implication of a genetic factor. ‘Egg- 
borne’, which has also been used, has an undesirable 
connotation with fomites. Probably the most 
appropriate word is congenital, but for homology 
with trans-stadial the term transoval is suggested. 

The scrub-mite, which feeds on animals only as a 
larva, is an interesting case in that transmission by 
it of the rickettsia of mite typhus must necessarily 
be both trans-stadial and transoval. 
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(8) Interrupted vertical transmission. Basically 
from one generation to another in the same lineage 
of either host, the term, in relation to arthropod- 
transmitted disease, would imply ability of an organ- 
ism to repetitive trans-stadial/transoval 
propagation in the vector, as possibly in an arthropod 
reservoir of a vertebrate pathogen. A break in the 
series of vertical transmissions might conceivably be 


survive 


due merely to a casual accident, such as cating of 


the arthropod, and here we are up against the 
limiting case where it is doubtful if we can justifi- 
ably regard the arthropod as vector rather than 
definitive host 
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Such vertical transmission obviously must be 
occasionally interrupted, for us to become aware 
of it. The next type in the series, unbroken vertical 


propagation, carries our subject beyond the limits of \ 


the field of disease transmission. 

[ am grateful to Dr. C. H. Andrewes and Dr. C. E 
Gordon Smith for their comments on the classifica- 
tion, which have removed some at least of its weak- 
nesses. 
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PHYSIOLOGY AND PATHOGENESIS OF THE STEIN-LEVENTHAL 
SYNDROME 


By Dr. VIRENDRA B. MAHESH and Dr. ROBERT B. GREENBLATT 


Department of Endocrinology, Medical College of Georgia, Augusta 


Urinary Androsterone, Etiocholanolone, 

Pregnanetriol and A‘-Pregnenetriol of 

Ovarian Origin in a Patient with Stein- 
Leventhal Syndrome 


T has been observed by several workers that 
patients suffering from idiopathic hirsutism and 
Stein—Leventhal syndrome have elevated levels of 
urinary androsterone (5«-androstane-3«-ol-17-one) 
and etiocholanolone (5$-androstane-3a-ol-17-one)!-, 
and that there is a marked decrease in the excretion 
of these steroids on wedge resection of the ovary!:*+*. 
Cox and Shearman® have found normal levels of preg- 
nanetriol (58-pregnane-3,17x,20«-triol) and elevated 
levels of A‘-pregnenetriol (A*-pregnene-38,17«,20«- 
triol) in patients with Stein-Leventhal syndrome. The 
role of the adrenals and the ovaries in the secre- 
tion of these steroids has been a subject of much 
discussion in the past. In the present work a com- 
plete fractionation and individual estimation of 
urinary steroids of a typical case of Stein—-Leventhal 
syndrome has been carried out under various medica- 
tions and the results compared with those of a normal 
subject, in order to establish the origin of the above- 
mentioned compounds. 
Aliquots of the 24-hr. urine (1/20 volume) were 
evaporated to near dryness at 45° on a flash evaporator 
and incubated with 0-5 ml. gluculase (50,000 units 


Table 1 
STIMULATING 


Patient with Stein Dehydro- Etiocholan- 





Leventhal syndrome epiandrosterone olone Androsterone 
Control 1 <01 3-2 3:3 
Control 2 0 3:3 35 
ACTH 1 10 55 5-9 
ACTH 2 1-4 a9 6-4 
B-Methasone 3 Ol 1-9 2-1 
}-Methasone 4 <1 2-3 2:3 
FSH 5 (+ 8-methasone) O5 74 61 
FSH 46( + 8-methasone) Os 6-0 5°7 
Post-operative <1 Os 0-3 

Normal subject 
Control 1 2 21 0-9 
Control 2 wl == 0-7 
}-Methasone 5 ol O-7 0-3 
B-Methasone 4 <1 O4 0-2 
FSH 5( +8-methasone) <1 o-" 0-5 
FSH6(+2 methasone) 1 O-s O-4 


8-glucuronidase, 25,000 units phenol sulphatase) in 
acetic acid-sodium acetate buffer (pH 4-8) at 40° for 
16-18 hr. After a preliminary extraction, the urine 
and washings were hydrolysed with hydrochloric acid 
at pH 1 at room temperature for 24 hr. and re- 
extracted. The extracts were combined, and the 
separation and estimation of steroids made using the 
method of Bush and Mahesh*. The estimation of 
pregnanetriol and A‘-pregnenetriol was carried out 
by eluting the appropriate zones from paper, followed 
by oxidation with periodic acid and assayed as 
etiocholanolone and dehydroepiandrosterone. 

The patient with Stein—Leventhal syndrome was 
sent to hospital, and two 24-hr. urine samples were 
collected as controls (Controls 1 and 2). She was 
then given 25 units of adrenocorticotrophic hormone 
(ACTH) intravenousiy for two consecutive days 
and urines were collected (ACTH 1 and 2). This was 
followed by 4 days of 8-methasone, 0-6 mgm. four 
times daily, and the urines were collected on the last 
two days (8-methasone 3 and 4). Finally, 0-3 mgm. 
of 8-methasone four times daily and 5 mgm. of human 
follicle-stimulating hormone (FSH) once a day were 
administered concurrently for 6 days, and the urines 
collected on the last two days (FSH 5 and 6). This 
was followed by wedge resection of the ovary, and 
another 24-hr. urine specimen was collected a week 
after surgery and withdrawal of medications (post- 


URINARY STEROID LEVELS in MGM. PER 24 HR. IN A NORMAL PATIENT AND ONE WITH STEIN—-LEVENTHAL SYNDROME SUBJECTED T0 
AND SUPPRESSIVE MEASURES 


!°- Pregnene- letrahydro- 11-Oxy-17- 

Pregnanetriol triol corticosteroids ketosteroids 
1-4 <01 91 1-1 
1-0 <0-1 9-3 1-3 
1-8 1-5 37-7 5-2 
2-8 29 39-2 5-7 
O38 <1 0-7 0-3 
0-3 <01 O-4 <1 
3-2 a3 <0-1 <0-1 
73 o4 0-1 <0-1 
<1 0-1 2-6 0-8 
O-4 @2 +0) 2°1 
0-3 2 t: 1-8 
<@01 <0-1 O-4 O-1 
<@0-1 <01 0-3 <0] 
<0-1 <0-1 1 <0-1 
<1 <01 O-1 <01 
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operative). A similar examination was made of a 
normal subject with carcinoma in situ of the cervix, 
with the exception that ACTH was not adminis- 
tered to this case. The results of the urinary assays 
are presented in Table 1. 

These results show that the patient with the 
Stein-Leventhal syndrome had elevated levels of 
androsterone and etiocholanolone before and after 
3-methasone suppression as compared with the normal 
subject. Human FSH brought about an average 
increase of 8-4 mgm. of androsterone and etiocholano- 
lone in the patient suppressed with §-methasone, 
whereas the corresponding increase in the normal was 
0-5 mgm Further, there was an almost ten-fold 
increase in the levels of pregnanetriol and A‘-preg- 
nenetriol when the patient was on human FSH. The 
increase on ACTH administration was only four-fold. 
The large amounts of androsterone, etiocholanolone, 
pregnanetriol, and A‘-pregnenetriol in the urine, 
when the patient was stimulated with human FSH, 
appear to be of ovarian origin. The human FSH 
administered appeared to be reasonably free of 
ACTH contaminants as indicated by the absence of 
urinary tetrahydrocorticosteroids and 11l-oxygenated 
17-ketosteroids. The ovarian origin of A>-pregnene- 
triol is further confirmed by the isolation of 17a- 
hydroxy- A*-pregnenolone in the ovaries of the patient. 
The ovaries, as well as the peripheral blood, also 
showed the presence of large amounts of dehydro- 
epiandrosterone when the patient was given human 
FSH. Furthermore, incubation of ovarian slices from 
the patient with various steroid precursors indicated 
a failure of the enzyme 38-ol dehydrogenase, thus 
accounting for the presence of large quantities of 
17«-hydroxy- A*-pregnenolone and dehydroepiandro- 
sterone in the ovary*. The urinary pregnanetriol, 
androsterone and etiocholanolone may be metabolites 
of the ovarian 17a-hydroxy-A‘5-pregnenolone (ref. 7) 
and dehydroepiandrosterone’®. 


Role of FSH in the Pathogenesis of the 
Stein-Leventhal Syndrome 


Hypergonadotrophism has been cited as the basis 
for the polycystic ovary ever since the report of 
Stein and Leventhal®. McArthur et al. have pointed 
out that luteinizing hormone (LH) assays are per- 
sistently though only moderately elevated!*. The 
constaney of theca cell hyperplasia has been inter- 
preted as synonymous with theca luteinization and 
excess LH has been implicated!'. More recently, 
Gallagher suggested an adrenal component in the 
Stein-Leventhal syndrome?. Our _ investigations 
seem to indicate an inherent enzymic defect in the 
ovaries leading to hyperovarianism and resulting 
from persistence of FSH stimulation. 

For some time we have suspected that FSH might 
be a factor in the causation of the large pale poly- 
cystic ovaries. Wedge resection has proved beneficial 
because of reduction of ovarian mass which in all 
probability permitted a better ratio of endogenous 
FSH and LH per unit of ovarian tissue. Total urinary 
gonadotrophins have been shown repeatedly to assay 
within normal limits, so that the claim of hyper- 
gonadotrophism has not been substantiated. The 
administration of human chorionic gonadotrophin 
APL), a substance more closely allied to LTH 
luteotrophin) than LH, has not been attended by 
any real degree of enlargement of the ovaries. In 
the present work, 5 mgm. of human FSH was adminis- 
tered daily for 6 days to a normal female and to two 
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patients with Stein—-Leventhal syndrome. The 
administration of human FSH induced at least a 


five-fold enlargement of the ovary in the two patients 
with Stein-Leventhal syndrome (Fig. 1), but no 
noteworthy increase in size of the ovary of the 

patient with normal ovulatory cycles. Keetal et al., 
employing highly purified sheep FSH, noted markedly 
responsive ovaries in patients with the Stein—Leven 

thal syndrome but not in normal women'*. Further- 
more, when APL was administered following FSH to 
one of the Stein-Leventhal syndrome patients, 
muitiple corpora lutea in various stages of develop- 
ment were induced. The ovaries were not enlarged 
any further over those of the FSH stimulation as to 
gross size except for the corpora lutea bulging the 
surface (Fig. 2). Histologically, FSH alone caused 
marked follicular growth. The follicles were lined 
by many layers of granulosa cells and the cells of the 
theca interna frequently appeared swollen and hyper- 
plastic (Fig. 3). When APL was given following 
the FSH, corpora lutea in various stages of develop- 
ment were numerous; the granulosa cells were hyper- 
trophied and luteinized comparable to that seen in 
corpus luteum formation (Fig. 4). In a measure, the 
effective addition of gonadotrophins to women with 
unresected polycystic ovaries is comparable with the 
effectiveness of endogenous gonadotrophins on the 
wedge resected ovary. In one of our experiments, 
simply removing one of the polycystic ovaries, leaving 
the contralateral ovary intact and untouched allowed 
the same chain of events to occur with induction of 
cyclic ovulatory menses'*. Furthermore, the employ- 
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Fig. 3. Hist»logical section from one of the many enlarged follicle 
cysts showing marked proliferation of granulosa cells and hyper- 
trophy of theca interna ( x 80) 





ig. 4. Histological section of one of the many corpora lutea. 
‘his one is in an early stage of development, showing luteinization 
of the granulosa cell layer and theca interna ( x 80) 


of glucocorticoids in certain patients with 
Stein—Leventhal syndrome has frequently proved 
successful*:'*:'5, This finding confounded the con- 
fusion as to its etiology and seemed to support the 
adrenal origin for the syndrome. The similarity 
in response to wedge resection and corticoid therapy 
has been noted in several instances and this observa- 
tion helped to clarify the situation. For example, one 
recent patient responded satisfactorily to wedge 
resection by cyclic ovulatory menses and conception. 
A few years later this patient experienced a recur- 
rence of the syndrome. Dexamethasone therapy was 
instituted with return of cyclic ovulatory menses and 
subsequent pregnancy. It may be assumed that 


ment 


glucocorticoids act by permitting release of more 
gonadotrophins either through suppression of ACTH 
or some of the adrenal steroids. 


Sohval and Soffer 
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have shown increased release of gonadotrophins 
following cortisone therapy'®. These observations 
lend support to the concept that whatever improves 
the ratio of gonadotrophins to ovarian mass, either 
by exogenous administration of gonadotrophins, 
wedge resection, removal of one ovary, or glucocorti- 
coid therapy, may prove corrective at least tempor- 
arily. 

It may be conjectured that the Stein—Leventhal 
ovary is sensitive and highly responsive to endogenous 
FSH so that hundreds of follicles receive inadequate 
stimulation, producing a myriad of microfollicular 
cysts and a general enlargement of the ovary. The 
available LH is insufficient to induce ovulation not 
only because of its dilution per unit of ovarian tissue 
but also because the maturation of the prime follicles 
is incomplete. However, when exogenous FSH is 
administered certain follicles are brought to a further 
stage of maturation so that when APL is added these 
follicles are transformed to corpora lutea. 

It is probable that the Stein—Leventhal ovary is 
the result of persistence of endogenous FSH stimu- 
lation due to an inherent enzymic defect in the 
ovary. This view is confirmed by incubation studies 
with ovarian from two patients with the 
Stein—Leventhal syndrome in whom a failure of 
the enzyme 3$-ol dehydrogenase was demonstrated’. 
According to the present concept of steroid bio- 
synthesis in the ovary, cholesterol is transformed into 
cestrogens via A 5-pregnenolone, progesterone, 172- 
hydroxyprogesterone and A‘-androstenedione. In 
our studies the synthesis of steroids in the Stein- 
Leventhal ovary did not seem to follow the normal 
sequence. It appeared that the ovaries, because 
of enzyme failure, converted <A‘-pregnenolone to 
dehydroepiandrosterone via  17«-hydroxy A‘-preg- 
nenolone, so that output of ovarian cestrogens is 
considerably diminished. The lessening of a regula- 
tory influence of the cestrogens on the pituitary 
permits the persistence of FSH stimulation with the 
ultimate development of large pale ovaries—the 
polyeystic ovary of the Stein—Leventhal syndrome. 

A detailed report of this investigation will be 
presented elsewhere, for we have found several 
variants of the Stein-Leventhal syndrome. We are 
grateful to Dr. Elmer Alpert of Merck, Sharp and 
Dohme for the supply of human FSH, and to Drs. 
S. Conrad and W. Hermann for estimation of blood 
dehydroepiandrosterone sulphate. This work was 
supported by grant No. A-—4429 from the National 
Institute of Arthritis and Metabolic Diseases. 
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EVALUATION OF QUANTAL NEUTRALIZATION TESTS 


By Pror. S. FAZEKAS ve ST. GROTH 


Department of Microbiology, Australian National University, Canberra 


there are several well-tried 
methods for the assay of antisera. Unfortunately. 
the slope of dose-response curves varies when different 
sera are tested in the same host system, or when the 
same serum is tested in different hosts. Neutralizing 
titres can be compared, therefore, only by ignoring a 
basic property of the reaction; if this property, the 
variability of slopes, is recognized, no comparisons 
ean be raade at all. It is a pity that the practical 
immunologist cannot go about his job both intelli- 
gently and with a clear conscience. 

The dilerama, however, is not insoluble. It will be 
shown that by a simple transformation, based on the 
theory of virus-antibody interactions', the quantal 
dose-response curve becomes linear with unit slope 
over the practically important range of concentrations. 
The new metameter defines a natural unit for the 
comparison of antisera, and also allows the estimation 
of other constants entering the neutralization process. 

Definition of the metameter. The basic equilibrium 
between antigenic sites on the virus particle and 
antibody molecules is defined by: 


IRUSES are readily neutralized by specific 
antibody, and 


K= [sV(1 + n) — x|[A — x] (1) 
(x) 
where K is the dissociation constant, s the number of 
antigenic sites per virus particle, V the concentration 
of infective and n V the concentration of non-infective 
particles, A the concentration of antibody molecules, 
and x the concentration of formed antigen-antibody 
complexes. 
If, as is likely*, a single molecule of antibody bound 
to a critical site neutralizes the infectivity of a virus 
particle, the fraction of survivors will be: 


ve (,_ x YY ‘ 
rr \ sV(l + n)/ (2) 





where V’; is the concentration of surviving infective 
particles, and ¢ the number of critical sites per virus 
particle. In a quantal test V; is unity, by definition. 
Here equation 2, solved for x and written now in 
logarithmic form, will read: 


a "a A 
log V = —clog\ 1 — ——__————_ > J) 
nN sVil+n+A+K 


At low virus input the value of sV(1 + n) will be 
smaller than K by several orders of magnitude, and 
can therefore be safely neglected. This leads to: 

log V = clog(1 + A/K),ifsV(l+n)<K (4) 

The term log(1 + A/K) may be expanded to give: 
[4 V/A\* 1/4‘? 7 \ 
Lk ~ Xx/ + Xx) —-- 8° 


Since in this region A/K is at least two orders of 
magnitude lower than unity, its higher powers are 
completely negligible in any biological argument. 


Thus we may write, with good approximation, by 
using the first term only of the rapidly converging 


series: 
A 
log V = CK log e (5) 


It is evident that equation 5 can now 


for equation 4. 
with unit 


be turned into a linear function of A, 
slope, by taking logarithms of both sides: 


loglog V = log A + {loge — log K — 0-362} (6) 


This, the loglog plot of quantal neutralization tests, 
is seen to be linear over the range defined above, with 
a slope of unity. 

To demonstrate that the approximations incor- 
porated in equation 6 are fully justified, a family of 
theoretical neutralization curves’ will be re-plotted 
on the new scale. 

Such theoretical curves have been obtained by 
programming a digital computer to solve equation 2 
for a wide range of the parameters V, A, K, 8, c, n. 
Representative sets of these curves were plotted on a 
(log A, loglog V) scale. The empirical choice of this 
scale is due to Dr. K. J. Lafferty; it was the then 
unaccountable discrepancy of — 0-36 which prompted 
closer examination of the equations and led to the 
present treatment. It was evident that for all values 
of K, 8, c, and (1 + n) likely to occur in practice the 
loglog plot is linear from V = 1 to at least 10‘, and 
usually beyond 10°. This covers most of the doses 
used in routine neutralization tests. 

The unit of neutralization. The effeet which altered 
the slope of orthodox (log A, log V) curves—the 
bracketed term of equation 6—is here seen to govern 
the intercept of the dose-response line with the 
abscissa. This intercept commends itself as the 
natural unit of potency by which antisera may be 
compared. It corresponds to that concentration of 
antibody which allows one out of ten infective units 
to remain free. It should be noted that this value, 
which may be called the neutralizing dose, is a 
compound of the quantity (that is, log A) and the 
quality (that is, log ¢ — log K) of antibody; the 
numerical constant, — 0-362, arises from using 
common rather than natural logarithms, and equals 
loglog e. 

The neutralizing dose is a practical unit: it measures 
the potency of antisera as they function in laboratory 
tests and, indeed, in Nature. It is common knowledge 
that the infective dose by which diseases are trans- 
mitted under field conditions lies in the range of 
1-10* IDs, and it has been shown above that these 
values fall on the straight limb of the loglog plot. 
A further practical advantage is that in this range the 
neutralizing dose is independent of (1 + n), that is, 
of the ratio of infective to non-infective particles. 
The importance of this aspect will be appreciated 
fully on reflecting that the (1 + n) term varies widely 
from one host system to another, and from one virus 
preparation to another ; its value under field conditions 
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is not readily amenable to measurement, and usually taking away 0-16 leaves the number of infective units 

unknown. Differences in test volume, shown to have neutralized (row 3). All these operations were in 

a profound effect on both the shape of the dose-  log,, units, that is, in ‘tubes’ of dilution. Now the 

response curve and the end-points obtained‘, have a 

simple additive effect on the loglog plot: if the test log K ————- ‘ 

volume is not unity (1 em.'), its actual volume will 2 

appear in the bracketed term of equation 6, giving 

{log c — log K — logv — 0-362}, where v stands for 

the test volume in em.’. It is obvious that by this 

method results obtained in one system should be -2 

directly comparable with results obtained in any 

other quantal neutralization test. ; : 
The concept of the neutralizing dose may be taken 

one step further. If an antiserum is found to contain 

one neutralizing dose when diluted 10 — d, its potency 

may be expressed as the negative logarithm, d, of this 

dilution. So defined, the neutralizing potency or pN 

is a form of notation entirely analogous to pH. The 

analogy holds even to the extent that pH is a com- —6 - 

pound of the concentration and activity of dissociable 

hydrogen atoms. But while the activity there can be 

defined by a single equilibrium constant, in the more 

complex system of virus and antibody it involves the 

bracketed term of equation 6, even over the linear = 

part of the loglog plot. Based on this analogy, we °K 10 

shall talk about neutralizing activity of a particular 8 

serum when referring to the quantity {loge — log K — 

0-362}. Clearly, this value can be read off the loglog — 10 

plot as (loglog V — log A), provided the concentration 

of antibody molecules has been determined by some 

independent method, as shown elsewhere*. 


log [V] 





Calculation of pN, the Neutralizing Potency l | 43 | 
Conventionally, viruses are reckoned in median 
infective doses (ID,,), and not in infective units. Ina . 
system where susceptibility does not vary from host [ } 
to host, one [D,, equals 0-693 infective unit. As / 1 
both the concentration of antibody and the number _ r 
of ID,, are usually expressed in log,, units, theneutral- = > / 
izing potency of a serum can be calculated very 3 
simply : the logarithm of the neutralizing titre (log V) Z 
minus 0-16 (that is, log 0-693) is subtracted from the | 
final concentration of serum. The actual procedure 
will be made clearer by applying the method to the 
first assay from our paper on the neutralization of 
influenza viruses. —0-5 
An antiserum, diluted in two-fold steps, was mixed 
with five-fold dilutions of the homelogous virus in all 
possible combinations, using ten replicates at each L 
level. The observed infectivity end-points, worked 
out by the method of cumulative totals, are given in 
the first row of Table 1. By subtracting these from 


3 1 logK 1 3 
log [4] 


the control (titre of virus in the absence of serum), Fig. 1. A Rng wy ~ — one, Mee | ape ry 
7 . equation 2 with the values ot = 10 ec = 100, and log s(n + 1) 
one obtains the number of 7D,, neutralized (row 2); ' * as shown on the curves 


fable 1. CALCULATION OF THE NEUTRALIZING POTENCY, pA 
(Data, on the neutralization of an influenza virus by fowl antiserum, from Fig. 2.4 of ref. 4) 


og concentration of antiserum at end-point (= log A) 











a Operation Compumes + :_,, - 
5 >= » °.a7 2 > 2.90 »« 2.2 2 a 2.4 Q.- a. Control 
270 2-380 2°87 3-00 sO1 3-28 3-23 — 3-30 40 —3-50 —3-60 —3-74 -3 90; no serum 
log 1D 0-58 O58 128 181 198 268 338 372 408 478 493 S48 509 FOS 
Control 7D Neutralizing she: 
Test 1D 4, titre 650 650 530 527 510 440 3-70 300 2-30 2-15 1:60 1:09 =0-00 
Entry 2-—0-16 log V 634 6-34 64 Sl 94 4-24 354 2-84 2-14 1:99 1:44 0-93 
4 log (entry 3) loglog V 0-30 O80 O75 O71 0-69 0-63 0-55 0-51 0-45 0-33 0-30 0-16 —0-03 
log A —entry 4 log 
loglog J 50 — 3-60 3-62 3-71 70 —3-91 —3-78 pal 3-85 83 —3-90 —3-90 —3-87 
¢ Entry 5 
log volume log VD 4-02 —4-12 4-14 4-23 4-22 —4-43 4-30 4-33 —4-37 4-35 —4-42 —4:-42 —4-39 


Mean neutralizing potency + S.E.: pN = 4345 + 0-025 
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Fig 


chorion; L e ; 
of Tyrrell and Horsfall (ref. 6). 





g.2 unparison of orthodox and loglog plots of data from quantal neutralization tests. 
A, tests of the same virus—antibody mixtures in five host systems (A 
= mouse lung; B = mouse brain; S = surviving chorio-allantois). Data 
B, tests on the same virus-antibody mixtures in three 
test volumes (0°35 ml., 1:05 ml., 2-10 ml.) (ref. 3). The ratio of the volumes is shown on 
the curves. C, tests of an antiserum against the homologous and two heterologous antigens 
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the former can be done by mental 
f arithmetic, and the whole computa- 
s y tion takes less than a minute. 


Finally, it may be demonstrated, 
on examples from the literature, 
that the factors which fundament - 
ally influence the shape and _ posi- 
tion of orthodox neutralization 
curves still give a linear loglog plot 
with unit slope, and lead to a 
single ND or pN value for each 

fo serum. 


+ / F Fig. 2A shows the data of Tyrrell 


¥ and Horsfall® obtained by testing 
4 the same virus-antibody mixture 
in five host systems. The orthodox 
plots are incommensurable; the 
loglog plot leads to the unique pN 
value of 4-70. Figs. 2B and 2C are 
our results’, the former showing 
the dilution effect, the latter the 
behaviour of an antiserum when 
tested against various antigens. 
Whereas changes of test volume 
do not influence the loglog plot, the 


= allantois; C = 


(hyperimmune rabbit serum against SW-virus; S = SW-virus; P = PR8-virus; M = difference of equilibrium constants 





M EL-virus) (ref. 3) 

last value is transformed to loglog V by taking its 
logarithm ; a slide-rule will give the required accuracy. 
The figures obtained (row 4) are subtracted from the 
serum concentration (head of Table 1) to give row 5, 
and finally the log of the test volume is added (log 
0-30 = — 0-52), giving the neutralizing dose, ND. 
If, as in the example, several estimates are available, 
we may average them and say that 10-*-*> ml. of the 
serum contains one ND. The neutralizing potency 
of the serum will be, of course, pN = 4-35. 

The average error of such estimates has been 
determined under a variety of conditions previously* ; 
if replicate assays are performed, the error can be 
determined from the internal evidence of the test. 
In this example it comes to + 0-025, in terms of pV. 

The steps leading to ND or pN of a serum are set 
out in detail for purposes of demonstration; they 
involve four simple subtractions and the looking up 
of a logarithm to two mantissal places. Obviously, 


for the homologous and heterolog- 
ous systems shows up clearly in their 
respective pN values of 4-68, 3-57 and 2-62. 

The aspect to be stressed is the linearity of the log- 
log plot over almost the whole range of virus concen- 
trations used in practical tests. The variation due to 
changes in other parameters shows up only in the 
top part of the curves and, as will be shown later, 
can be used for the definition of these in the same way 
as the behaviour of orthodox (log A, log V’) plots has 
already been used*5, 
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INDUCTION OF TUMOURS BY POLYOMA VIRUS: ENHANCEMENT 
BY CHEMICAL AGENTS 


By K. E. K. ROWSON, F. J. C. ROE, J. K. BALL and Dr. M. H. SALAMAN 


Cancer Research Department, London Hospital Medical College, London, E.| 


T has been shown that in certain cases viruses and 

chemical carcinogens may interact so that tumour 
production is modified. For example, Rous et al.':? 
found that when Shope papilloma virus was injected 
intravenously into rabbits the ears of which had been 
painted with tar for 1-5-3 months, many warts and 
several metastasizing epitheliomata soon arose on 
the tarred ears. Tarring alone gave rise to a few 


warts, and only one malignant tumour among ninety 
rabbits, while the intravenous injection of Shope 
virus alone was ineffective. Ahlstré6m and Andrewes* 


injected tar or carcinogenic hydrocarbons intra- 
muscularly or subcutaneously into rabbits, and 
Shope fibroma virus intradermally. In some rabbits 
the tumours due to the virus grew progressively, 
in others they slowly regressed. In controls which 
received the virus alone, rapid regression was the 
rule. Duran-Reynals* found that the intradermal 
injection of vaccinia virus into cortisone-treated mice 
produced much more severe local lesions than in 
untreated mice. These more severe lesions were 
followed by scar formation. If mice were given a 
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course of paintings with methylcholanthrene on 
both flanks, before treatment with cortisone and 


vaccination, benign and malignant tumours developed 
at the site of the vaccination scar. No tumours were 
seen in control animals which received no previous 
treatment with methylcholanthrene or no cortisone 
at the time of vaccination. 

In the present work the interaction of polyoma 
virus, injected into new-born mice, and two chemical 
earcinogens, 9 : 10 - dimethyl - 1,2 - benzanthracene 
(DMBA) and 3,4-benzpyrene (BP), and a tumour- 
promoting substance, croton oil, applied to the skin 
of the injected mice, has been examined. The 
experiments were designed to show, first, whether 
treatment with a chemical carcinogen or a tumour- 
promoter can modify tumour induction by polyoma 
virus, and secondly, whether polyoma infection 
modifies tumour induction by chemicals; for example, 
whether it can play any part in the two-stage mechan- 
ism of carcinogenesis, as tumour-initiator or promoter, 
or alter the incidence of malignancy. The second 
question has an important practical bearing, since 
polyoma is widespread as a latent infection in mouse 
stocks® such as are used for the testing of chemical 
substances for carcinogenicity. By injecting the 
virus into new-born animals, and choosing the dorsal 
skin as the site for later application of the chemical 
agents, it was reasonable to expect that answers to 
both these questions could be obtained at the same 
time. Chemical carcinogens applied to the skin give 
rise mainly to skin tumours; mammary, ovarian, 
and pulmonary tumours, subcutaneous sarcomas, 
and leukemia may also be induced, but much less 
frequently. Polyoma virus, on the other hand, induces 
tumours of the parotid and mammary glands, renal 
pelvis, .bone, and subcutaneous tissues, and less 
frequently at a variety of other distinctive sites*-’. 
No superficial tumours of the epidermis have been 
reported, though one strain has been found to produce 
enormously hypertrophied hair follicles’. When 
distribution and relative frequency are taken into 
account there should be little difficulty in distinguish- 
ing the characteristic effects of each type of agent. 

In order to produce tumours in mice with polyoma 
virus it is necessary to introduce it either before 
birth, or during the early neonatal period, into mice 
from a polyoma-free stock. Mice exposed to the virus 
after the end of the neonatal period develop antibodies 
to it, but no tumours. These antibodies may pass to 
foetal mice through the placenta, or to new-born 
mice in the milk, and so provide passive immunity’. 
The mothers of the mice used in the present experi- 
ment were all free from polyoma hemagglutination- 
inhibiting antibodies. They were divided randomly 
into two main groups which were thereafter housed 
in separate rooms under otherwise identical conditions. 
Both groups were fed diet 41B supplemented with 
rolled oats twice weekly, and provided with water 
ad libitum. All the litters from one group were 
injected subcutaneously during the first 24 hr. of 
life with 0-02 ml. of fluid containing 10* infective doses 
of polyoma virus (determined by the antibody 
production test®). The strain of virus used, LHP,, 
was originally isolated in this department from a 
C,H mouse’ and the material used for injection in 
the present experiment was the tissue culture fluid 
and homogenized cells from the fourth mouse embryo 
tissue culture passage. The group of mice injected 
with polyoma virus was designated ‘P+’ and the 
control group ‘P-free’. The latter litters were injected 
while less than 24 hr. old with culture fluid from the 
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fourth passage of uninfected mouse embryo tissue. 
9,10-Dimethyl-1,2-benzanthracene (DMBA) and 3,4. 
benzpyrene (BP) were obtained from L. Light and 
Co.; croton oil from Stafford Allen and Co.; and 
acetone (‘Analar’ grade) from British Drug Houses, 
Ltd. 

In general the P+ mice grew less well than the 
P-free mice. Several of the former showed abnormali- 
ties of hair growth in the form of bald patches and a 
sticky appearance of the hair. However, from the 
tenth week onwards these symptoms disappeared 
and the mice grew progressively to the same size as 
the P-free controls. It is most unlikely that the 
early effects on growth and on the skin were due to 
the polyoma virus. We were able to isolate a virus 
in tissue culture from the tissues of similarly affected 
mice which when injected into mice 5-7 days old 
reproduced the condition, but was lethal to new-born 
mice. A similar syndrome has been described by 
Stanley e¢ al.. The inoculum used in the present 
experiment was found to be free of this agent, which 
was clearly distinguishable from polyoma virus by 
the type and species specificity of its cytopathogenic 
effect in tissue culture. It would seem that the 
P+ groups became accidentally infected with this 
virus, whereas the P-free groups, housed in another 
room, remained free of it. All the mice were weaned 
and sexed at four weeks of age. Ten experimental 
groups were then constructed, five consisting of P+ 
mice and five of P-free mice. Each group consisted 
of sixteen males and sixteen females, and mice from 
individual litters were distributed as widely as possible 
among the five groups for which they were eligible. 
By using an ear-punch system of numbering it was 
possible throughout the experiment to determine 
from which litter a mouse was derived. 

The ten groups were treated with chemical agents 
(Table 1) and have now been observed for six 
months. Taking the results in the four groups treated 
with chemical substances (groups 2-5) together, 
they had a higher incidence of polyoma tumours than 
the control unpainted group (group 1). This differ- 
ence was significant according to the y;? test 
(0-01> P>0-001). With regard to epidermal tumours 
attributed to the treatment with chemical agents, 
apart from one papilloma in group 9 (P-free and 
croton oil only), they were only seen in the groups 
treated with DMBA + croton oil (groups 3 and 8), or 
with BP twice weekly (groups 5 and 10). The injec- 
tion of polyoma virus into new-born mice had no 
marked influence on their subsequent response to 
treatment with DMBA + croton oil; papillomas 
began to appear after the sixth week of croton oil 
treatment in both groups, approximately the same 
proportion of mice developed papillomas, and _ the 
total numbers of tumours after fifteen weeks of croton 
oil treatment, though on an average somewhat 
greater in the P+ than P-free mice (6-4 and 4-4 per 
survivor, respectively), was not regarded as signifi- 
cantly different. However, in the group which 
received weekly BP-treatment a definite difference 
in response was seen: tumours began to appear during 
the thirteenth week in the P+ mice (group 5) and 
not until the seventeenth week in the P-free (group 
10). At the present time (twenty-first week of 
treatment with BP) there are forty-eight benign 
and six malignant tumours in twenty-three P+ 
survivors, but only fourteen benign and one malignant 
tumour in thirty P-free survivors. Treatment and 
observation of these two groups continue. In 
addition to the tumours which could without 
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lable 1 


Incidence of polyoma tumours before 6 


Incidence of skin tumours 20 
weeks after beginning of treatment 


months of age with chemical agents 


[noculated otal Potal 
with rreatment with chemical Mice rotal Total |tumours| Total Sur- Mice rotal malig- 
Group* polyoma agents t with parotid?) kidney | of other |tumours| vivors with benign nant 
virus tumours tumours|tumours| sites§ all sites tumours | tumours | tumours 
None 4 4 3 1 6 25 0 0 0 
2 - 150 xem. DMBA in 0-2 mil. 
acetone once 14 15 l 8 24 25 0 U v 
3 DMBA as group 2 followed after 
3-week interval by 15 once- 
weekly applications of 0-25 ml 
0-1 per cent croton oil in acetone 13 11 4 ) 20 21 15 135 0 
} - 15 once-weekly applications of 
croton oil as in group 3 4 10 4 7 1 21 0 0 0 
I'wice-weekly applications of 
50 wgm. BP in 0-2 ml. acetone 
for 20 weeks 7 7 3 2 i2 23 17 48 4 
6 0 As group 1 32 0 U v0 
0 As group > 2g 0 0 0 
8 0 As group 3 None 30 21 31 0 
’ 0 As group 4 30 l 1 0 
10 v0 As group 5 0 7 14 1 


* Each group consisted of 32 mice at start of experiment. 
+ Applied to dorsal skin after removal of hair. 
t Parotid gland tumours were multicentric in origin. 
§ Including bone, mammary glands, and subcutaneous tissues. 


doubt be attributed to the polyoma virus, or to 
treatment with chemical agents, there were seen, in 
the groups 1—5, a number of cystic lesions in the sub- 
cutaneous tissues. Several of these appeared to be 
simple lvymph-filled cysts arising in lymph glands, 
others were multilocular or filled with thin blood- 
stained fluid, and not obviously associated with a 
lymph gland. None of them had any solid elements, 
and it is doubtful whether any of them were neoplastic. 
The incidence of mice with these lesions in groups 1-5 
was 4, 3, 2, 5, and 4 respectively. 

At this point it is necessary to consider a factor 
which slightly complicated the experiment. During 
the ninth week of treatment with chemical agents, 
eight males and eight females from each of the five 
experimental groups of P-free mice (groups 6-10) were 


tested for hemagglutination-inhibiting antibodies. 
All tests were negative. At this time there were 
already several benign papillomas in group 8. Nine 


weeks later, a second check for antibodies was made, 
and on this occasion several positives were found 
(0/32 in group 6, 1/29 in group 7, 9/30 in group 8, 
10/30 in group 9, and 4/30 in group 10). Clearly the 
polyoma virus had found its way into the P-free colony 
and the infection had begun to spread. However, 
by this time, except in the case of groups 5-10, the 
experiment was over, and this incidence of mice with 
antibodies in the P-free group was not sufficient to 
invalidate conclusions which could otherwise be 
drawn. In point of fact there was no association 
between the number of tumours and the presence of 
antibodies in individual mice of group 8. 

The number of tumours which developed in the 
group of mice which were infected with polyoma virus 
when newly born, but received no other treatment, 
was less than was expected from previous experience 
of this strain of virus. It is possible that an accidental 
secondary viral infection, which has been described, 
had an interfering action. However, since all the 
polyoma-injected mice suffered from this infection. 
the difference in polyoma-type tumour incidence 
between the groups which received subsequent 
chemical treatment and the group which did not is 
not invalidated. It is conceivable that the difference 
in the incidence of skin tumours between P+ and 


Treatment begun when mice were 7 weeks old. 
Involvement of one gland counted as one tumour, and both glands as two tumours. 


P-free mice treated with chemicals may have been 
due in part to both viruses, but very unlikely that the 
accidental infection both inhibited tumour-induction 
by polyoma virus and enhanced the effect of chemicals 
on it. Despite the complicating factors the following 
conclusions appear justified: (1) Mice inoculated with 
polyoma virus when newly born and later treated by 
application to the skin of carcinogenic or tumour- 
promoting agents developed significantly more 
polyoma-type tumours than mice which received the 
virus alone. (2) Skin tumours which developed in 
mice treated repeatedly with BP appeared sooner 
and in larger numbers, and more became malignant. 
in those which had been injected when new-born 
with polyoma virus than in those which had not. 
(3) Injection of polyoma virus into new-born mice 
did not initiate tumour formation, as shown by the 
failure of subsequent treatment with croton oil to 
produce skin tumours. (4) Polyoma virus injected 
into the newly born mouse is known to _ persist 
throughout life. The presence of this virus did not 
promote the formation of tumours in mice given 
an initiating application of DMBA at 7 weeks of 
age. (5) An intercurrent infection which produced 
symptoms in all polyoma-injected mice is described. 

Reasons are given for the view that these conclusions 

are not invalidated by this accident. 

We gratefully acknowledge the technical assistance 
of Miss C. de Mengel. The cost of this research was in 
part defrayed out of a block grant from the British 
Empire Cancer Campaign. 
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LETTERS TO THE EDITORS 


SPACE SCIENCE 


Analysis of Satellite Data 


UsinG the method outlined in previous papers! -*, l 


have completed an analysis of an extensive series of 


~ 


1958 $2 (ref. 4), and pro- 
pose to outline an interesting implication of this 
work prior to the publicat ion of the detailed analysis. 

The method of analysis makes use of the near 
linearity of v? as a function of t, where v = ae/age, 
in standard orbital notation. Fig. 1 the 
departure (3) of v* from linearity after the removal 
of the important terms. The curve is 
composed effectively of three distinct nearly linear 
sections, AB, BE, EF, the change of type being 
unrelated to solar or any other obvious effects. 
However, the analysis is based upon the constancy 
of the seale height H, and for any linear section: 


observations on satellite 


shows 


oblateness 


$= 1 — At 
where*® oy H/f(v) » K. The mean value of H is 
determined, by the behaviour of the perigee distance’, 
a least-squares fit giving the value 46-0 km. for this 
satellite, and the mean value of A is 1-468 x 10-°. 
If then we compare the gradient of a linear section 
with the mean gradient we can form an estimate 
of the local value of H. Since the v*-trace does not 
depart from the mean trace by more than 2 per cent 
we can ignore the variation of f(v) in the comparison. 
If 9 is greater than its implied mean value then the 
effect of ignoring the variation of ¢ is to over-estimate 
the corresponding value of H and conversely. 

An examination of Fig. 1 shows that the gradient 
changes very sharply at PB and £, in fact 
discontinuously, the changes being unrelated to 
changes from day to night. If the main part of the 
gradient change is due to variations in H this would 
imply a step-like temperature distribution and con- 
sequently a considerable degree of stratification. The 
section CD is anomalous in its behaviour, showing 
a day-night variation in gradient more than three 
times as large as that of the neighbouring regions. 
The single oscillation apparent is fitted almost exactly 
by a multiple of sin). where y is the difference in 
longitude between the perigee and the sub-solar 


almost 


100 





100 


Fig. 1 
Curve 


1958. 


lime ¢ in y.d. 


Graph of 4 vs. ¢ for 1958 62 with the oblateness effect removed. Curve I, 6 x 10*; 
Il, effect of variation of solar flux estimated from relative sunspot numbers. 
Shaded sections denote daytime ( | ¥ | 


H (kim.) 








ur 
= | 
isd 190 200 210 220 230 
Height (km.) 
Fig. 2. Graph of scale height, comparing values deduced from 
K-variation with estimates from density values 
point. This implies a maximum of ¢y/H at midday 


and a minimum at midnight, the magnitude being 
independent of altitude in this limited region. A 
daytime rise in density due to the lifting of warmed 
air would be expected to produce a uniform variation 
of gradient over a limited region, hence it is reasonable 
to attribute the major part of the oscillation over CD 
to variation in scale height. In Fig. 2 seale heights 
calculated in this manner are compared with King- 
Hele’s® estimates of H. modified to give true scale 
heights. The agreement is fair, sufficient to justify 
the general interpretation, though the implied tem 
perature peak is much sharper than King-Hele’s 
necessarily smoothed values. The excessively low 
values below 190 km. are probably the result of a 
progressive fall-off in solar activity at this time. 
which has not been taken into account. 

The anomalous behaviour between 200 km. and 
205 km., which is most probably the result of a marked 
day-night temperature difference, suggests strongly 
that this is the region of high absorption of solar 
energy which is the cause of the F,-layer. What 
ever interpretation is finally accepted for this anom- 
alous behaviour, its relation to the F,-layer is 
difficult to avoid. For example, if its explanation 
is sought in a marked variation in charge drag. one 
is faced with a high concentration of charged particles 
in a region of limited depth. 

When this analysis was begun, 
one of my main aims was to 
obtain further justification for my 
j earlier interpretation of oscillations 

in the v?-trace for 1958 61 as a 
/ third harmonic tide. In Fig. 3 the 
remaining variations in v* after 
the removal of known effects are 


ann $00 shown and compared with the 
ealculated effects of a third har- 
monic tide. Solar flux variations do 
not account for these oscillations, 


which happen to coincide with a 
particularly quiet solar period, and 
furthermore, the oscillations occu! 
at approximately the same level as 
those observed in the data for 1958 
< 90°) 51. The disturbance is restricted 
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to the section BE of the trace and is therefore limited 
to a depth of about 10 km. Since the earlier set of 
data for 1958 81 was of short duration, it is impossible 
to say whether or not the oscillations were restricted 
to the temperature peak, but a sharp rise in v? after 
the values given in Fig. 1 of my earlier communica- 
tion? would suggest that the oscillations recorded 
there belong to the section DE. It is evident that a 
slight change of phase with height occurs, but it 
would be surprising if a tidal phenomenon did not 
show this effect. Although classical tidal theory is 
scarcely applicable to these regions and my earlier 
estimates of temperature were in error, there are 
strong indications that if a third harmonic tide occurs 
it must occur in a relatively thin shell near the 200- 
km. level. There has been some criticism of the 
suggestion of tides at this }evel*-§, but in the face of 
this evidence the interprecation must surely be con- 
sidered justified. This tidal oscillation is of small 
amplitude and is not particularly important in the 
general density pattern, but its implications for the 
dynamical structure of the atmosphere are worthy 
of consideration. 
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Spatial Distribution of Free Radicals 
as studied by Electron Spin Resonance 


THE spatial distribution of free radicals produced 
by irradiation is of interest in radiation chemistry and 
radiation biology. Although there have been many 
theoretical treatments of this problem, direct experim- 
ental evidence has so far been lacking. Electron spin 
resonance spectroscopy provides a means of measur- 


ing the distribution of free radicals; and we 
report here a preliminary investigation by this 
method. 


The technique depends on the phenomenon of 
dipolar broadening, in which the width of the electron 
spin resonance absorption line is increased by the 
perturbing effect of neighbouring free radicals. Since 
the perturbing effect varies inversely with the cube of 
the distance between two radicals, the broadening is 
a measure of the local concentration and not of the 


overall concentration, for cases where these differ 
owing to a non-uniform distribution. 

Kittel and Abrahams! have 

ealeulated the broadening due 


to a uniform random distribution 





1,000 [ \ of magnetic centres in a single 

* I crystal. They showed that for 

| : moderate concentrations the line 

500 + - shape is approximately Lorent- 

; ‘ll zian; and they gave a numerical 

rE formula for the line width. This 

| 300 | ih may be written in the con- 

z) es ot venient form B = 68 M gauss, 





1.000 


Fig. 3. Graph of 6 vs. ¢ for section BE, Curve I, 6 x 10%; Curve II, cos (3y 


cos 3y. Time ¢in y.d. 1958. 

It must be emphasized that the effects considered 
here are long-term, in contrast to the violent day-to- 
day fluctuations observed in the rate of change of 
periodic time. Since the v?-analysis uses the periodic 
time rather than its rate of change, the effect of 
integrating density variations is to enhance the slower 
oscillations. As a result it is found that solar flux 
variations are scarcely noticeable in the resulting 
traces, although such variations are closely correlated 
with the daily variations of the orbital acceleration. 

I wish to thank the South African Mutual Life 
Assurance Society for the use of its computer for 
the early stages of the numerical analysis. 
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for M <1, where M is the 
molar concentration of free radi- 
eals, and B is the increased 
separation, due to dipolar broad- 


ening, between the points of 
inflexion. The formula can be 


used for powders, glasses or 
liquids, with a different numeri- 
cal value of the constant; and 
also for a non-uniform distribu- 
tion of radicals, provided that WV 
now represents the local concen- 


+ m/4): Curve III. 


tration of radicals. 

We have applied this technique to glasses of H,O, 
in H,O and of D,O, in D,O, irradiated and measured 
at 90° K.*:3. The spectra are complicated by g-value 
anisotropy and by hyperfine splitting; but in many 
cases we have been able to fit the experimental line 
shape to one calculated*-*, and thus obtain the line 
width. As a preliminary check we used very large 
doses of radiation (up to 10° rads, giving concentra- 
tions of radicals up to 0-5 .W) in order to obtain a 
uniform distribution of radicals. As the dose increased 
the line shape changed from Gaussian to Lorentzian, in 
accordance with the calculations of Kittel and 
Abrahams’; and the increase in separation between 
the points of inflexion was measured as 35+18 / 
gauss. The line shape with no dipolar broadening was 
obtained by softening the glass at a temperature of 
about 140° K. until there was no further change in 
shape. This process produces a low concentration of 
radicals distributed uniformly. (The change in line 
shape as the glass softens was incorrectly attributed 
in an earlier communication to the production of a 
second radical?.) 

We then observed that different types of radiation 
produced spectra with different line widths, greater 








SUS 
fable 1. LOCAL CONCENTRATION OF RADICALS 
Average linear Correspond- 
Type of radiation energy transfer | Local radical | ing average 


keV./s) concentration | separation 

2°50 keV. X-rays 0-6 (0-08 M) (27 A.) 
15 MeV. deu- 

terons 14 (0-08 M) (27 A.) 
5-7 Me\ 

particles 6 0-22 M 20 A. 
2537 A. ultra-violet 0-33 M 
3100-3500 A. ultra- 

violet 0-45 M ~ 


fhe values given in parentheses are near the limit of measurement, 
and are consequently very approximate 

rhe values in column 3 are the uniform random distributions which 
give the same line width. 

rhe values in column 4 are obtained from the formula: average 
separation (6-02 x 10°° M)-*'* om. 
than for the spectrum with no dipolar broadening. 
These line widths were independent of dose, provided 
that the dose did not exceed a certain value. Further- 
more, the principal g-values and hyperfine splittings, 
when present, were the same in every case, indicating 
that the same radical was always produced. Hence 
any broadening observed must be due to the local 
concentration of radicals. The local concentrations 
obtained in this way are given in Table 1. 

With ultra-violet irradiation the primary act must 
be the splitting of an H,O, molecule into two OH 
radicals. The radical observed by electron spin 
resonance has not been positively identified, but it is 
unlikely to be OH. The ultra-violet observations 
of Table 1 show that the two radicals observed, or 
their precursors, diffuse a few A. apart before being 
stabilized. A naive calculation shows that the two 
OH radicals, when first formed, have sufficient energy 
to raise the temperature of a sphere of radius 20. 
(rather for 2537 A., rather less for 3300 A.) 
to a temperature at which the radicals have been 
observed to diffuse very rapidly. It is likely that local 
softening of the glass takes place with ionizing 
radiation also, so that the initial concentrations of 
radicals would be higher than those given in Table 1. 

This work has been supported by the British Empire 
Cancer Campaign. 


more 


‘ 


RoBertT C. SMITH 
S. J. Wyarp* 
Department of Physics, 
Guy’s Hospital Medical School, 
London, S.E.1. 


* Present address: Biophysics Laboratory, Stanford University, 
Stanford, California. 
' Kittel, C., and Abrahams, E., Phys. Rev., 90, 238 (1953). 


* Smith, R. C., and Wyard, 8. J., Nature, 186, 226 (1960). 

* Smith, R. C., and Wyard, 8. J., Bull. Ampére, 9° année, Fasc. Spécial, 
224 (1960). 

* Searl, J. W., Smith, R. C., and Wyard, 8. J., Proc. Phys. Soc., 74, 
491 (1959). 

* Searl, J. W., Smith, R. C., and Wyard, S. J., Bull, Ampére, 9* année, 
Fasc. Spécial, 236 (1960). 

*Searl, J. W., Smith, R. C., and 
the press). 


Wyard, 8. J., Proc. Phys. Soc. (in 


Magnetic Relaxation in Magnetite and 
in its Solid Solutions with Manganese 
and Nickel Ferrites 
OUR previous investigation of magnetic relaxation 
in (Ni,Zn);Fe,.,O,,, and (Mn,Zn);Fe,:O,,, solid 
solutions with magnetite (0-85 <2< 1) showed 
certain similarities to exist among the phenomena 
which occur in both systems'. Such similarities have 
since been reported by other authors?-’. 
In NiZn and MnZn ferrites the magnetic diffusion 
occurs Owing to the presence of Fe**+ cations, by 
means of vacancy migration. A few distinct relaxa- 
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tions appeared in separate temperature-ranges, with 
activation energies still of about 1 eV. or 2 eV. (The 
application of the method of Rathenau‘ has given 
values of about 0-5 eV. and 1 eV. respectively. This 
method is not applicable to ferrites having a broad 
band of relaxation-time constants.) It was feasible to 


assume that the presence of magnetite or, more 
exactly, of the Fe?+ — Fe*+ configurations is essen- 
tial here. 

We then began investigating relaxation in the 


systems Mn,;Fe,zO,., and Ni-Fe, ,O,,, by means 
of permeability disaccommodation measurements, 
beginning with the particular case of magnetite, 
z=0,y> 0. 

The disaccommodation measurements were made 
on polycrystalline samples in the temperature-range 
between liquid hydrogen and corresponding Curie 
points using the Maxwell—Wien bridge. The intensity 
of the measuring alternating field was 10 m.cersteds, 
its frequency 1 ke./s. The magnetic permeability 
was measured as a function of time. Disaccommoda- 
tion equals up—pUg9/u%9, Where u, denotes the value 
found 1 sec. after demagnetiza-ion, and after 
30 min. 

In a typical disaccommodation spectrum of mag- 
netite Fe,0,,, we have observed three vacancy 
diffusion peaks: I, II, III (Fig. 1). The activation 
energies found are: W, = 1:7 + 0-3 eV. (extrapolated 
from W, values determined for « > 0, intensity of 


30 


peak I being too small in samples, « = 0, y > 0), 
Wit = 0-85 + 0.10 eV., Win = 0-85 + 0-10 eV. 


In order to determine values of W, we have approx- 
imated the u(t) curve with the after-effect function’ 
Y(t). 
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Fig. 1. A typical disaccommodation spectrum of magnetite 


Fe,Oy.y. y > 0 


A suitable concentration of vacancies is a necessary 
condition for the presence of each peak. The yin, 
value increases progressively for lower temperature 
effects: for III y,,in. is greater than for II, ete. For 
increasing values of y > Ymin, the peak I is markedly 
displaced to lower temperatures; the displacements 
of II and II are much smaller. 

In both of the manganese- and _ nickel-ferrite 
systems mentioned above one finds the peaks I, II, 
Ill for almost all compositions 0<2a2< 1. Asz 
approaches unity, the effect III is the first to dis- 
appear, then II, and finally, for the largest values 
of x, effect I. 

The temperatures of peaks I, II, III are almost 
independent of x for the nickel-ferrite system. This is 
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also true for peaks I and III in manganese ferrite — 
magnetite solid solutions. One observes, however, 
ashift of peak II from about 100° C. to approximately 
200° C. for compositions 0-5 < 2 < 0-85, having 
positive cubic anisotropy constant K, (ref. 6). 
Manganese ferrites show also a small peak IV at 
approximately — 70° C.. indicating the contribution 
of manganese ions to the diffusion process. 

For increasing values of y the displacement of peaks 
occurred in both systems as it did in the case of 
magnetite. 

We therefore believe that in solid 
magnetite with other cubic ferrites local configura- 
tions of anisotropic space charge (Fe**+ — Fe**) are 
formed owing to the presence of vacancies in octa- 
hedral sites having trigonal symmetry. The con- 
figurations re-arrange themselves by migration of 
vacancies when the direction of magnetization changes 
in magnetic domains from one to the other [111] or 
(100) axis under the action of alternating demag- 
netizing fields. Relaxation I corresponds probably 
to the migration of a few individual vacancies or, 
equivalently, very limited space charge. The effects 
Il and III might be due to the formation of more 
complicated arrangements, for example, pairs. 

More detailed results and discussions will be pub- 
lished shortly. 

We are indebted to Dr. Ch. 
this Laboratory, for his help. 
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Surface Waves in Anisotropic Elastic 
Media 

Tue possibility of elastic waves confined to the 
neighbourhood of the free plane surface of semi- 
infinite isotropic medium was first deduced by Lord 
Rayleigh in 1885. He found that the amplitudes of 
such waves decay exponentially with the distance 
from the surface. Recently there has been interest 
in the propagation of surface waves in anisotropic 
media, and Stoneley, Gold, and Deresiewiez and 
Mindlin have discussed the propagation of surface 
waves in particular directions and special planes of 
certain crystalline substances'. 

The general case has been considered by Synge?. 
He expressed the condition for surface wave propaga- 
tion in a given plane in terms of a complex valued 
determinant, and deduced that surface waves are 
propagated only in those isolated directions for which 
the real and imaginary parts of this determinant both 
vanish. He also showed that, in general, the variation 
of the amplitudes of surface waves with depth is 
sinusoidal as well as exponentially decaying. 

More recently* it has been shown that if the free 
surface is normal to the monoclinic axis of a crystal (or 
equivalently it is a plane of reflexional symmetry), 
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Fig. 1. Above, surface wave curves of iron in the (1,0,0) plane, 
and, below, similar curves for the (1,1,0) plane. In both figures 
the fourfold axes are represented by ——, the twofold axes by 
-———-, the surface wave curves by =, and the curves 
—-—-- represent the intersections of the body-wave surfaces with 
the appropriate plane. Below, the segments CBABC represent 
waves, where the amplitude variations with depth contain sinu- 
soidal factors, while the waves corresponding to the remaining 
segments CDC have only purely exponential decay 


then the determinant is real and, therefore, Rayleigh 
waves may be possible in any direction. Even for 
these special planes, however, the wave amplitudes 
may vary harmonically as well as decay exponen- 
tially with depth. Further, using a Fourier transform 
method, similar to that used in the case of body wave 
propagation‘, it has been shown® that the geometry 
of the surface waves can be described by ‘slowness’ 
and ‘wave’ curves, where the terminology is similar 
to that now commonly used in the three-dimensional 
case’. The wave curve represents the positions at 
unit time of waves which were initially at the origin; 
it is the polar reciprocal of the slowness curve with 
respect to the unit circle. Solutions of the determ- 
inantal equation give points on the slowness curve; 
the corresponding points on the wave curve can then 
be calculated. It is most important that the wave 
curve should be obtained as, physically, it describes 
the energy flow. 

The determinantal equation is too complicated for 
a closed solution to be practicable. Numerical solu- 
tions have been obtained for transversely isotropic 
materials*, and graphs given of the slowness and 
wave curves for apatite, beryl, cobalt and zinc, in 
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the case where the axis of rotational symmetry is 
parallel to the free surface. Since then a programme 
has been written for the University of Manchester 
Mercury computer, which produces the relevant 
information for all classes of monoclinic erystals. 
For example, in the two figures the full lines are the 
wave curves for the (100) and (110) planes of iron 
(the broken lines are the intersections with these 
planes of the ‘transverse’ sheets of the body wave 
surfaces). The stiffmesses used were C,, = 23-30, 
C,. = 13°92, Cy, = 11-62 in 10" dynes/cm.?, the 
density being 7-87 gm./cm.* (ref. 7). In the (100) 
plane, surface waves are confined to four wedges, of 
angle about 45°, containing the four-fold axes. There 
are five surface waves in directions near these axes 
and, as the wedges with no surface waves are 
approached, it can be seen that there are regions 
where progressively fewer such waves exist. All the 
waves contain components which decay sinusoidally. 
In the (110) plane, surface waves are propagated in 
all directions. Near the four-fold axis decay is simply 
exponential for all components; near the two-fold axis 
there is also some sinusoidal variation. Between 
these two axes there is a small range of directions 
where there are two waves with sinusoidal components 
and one wave without. The wave curves for both 
planes have cusps (corresponding to points of inflexion 
on the slowness curves). The Fourier transform 
method of solution gives the additional information 
that the rate of damping of amplitudes with distance 
travelled of waves in the cusp directions is of a lower 
order of magnitude than the rate of attenuation of 
waves in ordinary directions. If the distance from 
the source is r, in ordinary directions the amplitudes 
are proportional to r-'’?, but in the cusp directions 
the amplitudes decay as r-"/. 
V. T. BucHwaLp 


Department of Applied Mathematics, 
University of Sydney. 
A. Davis 


Department of Mathematics, 
Manchester College of Science and Technology 
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* Buchwald, V. T., Proc. Roy. Soc., A, 258, 563 (1959 
* Hearmon, R. F. S. (ref. 1, page 69). 
* Buchwald, V. T., Quart. J. Mech. and App. Maths. (to be published). 
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CRYSTALLOGRAPHY 


Molecular Geometry of a |: ! 
Crystalline Complex between 
1,3,7,9-Tetramethyluric Acid and Pyrene 

\s part of a research programme on the interaction 
between purine and polycyclic aromatic hydrocarbons, 
the crystal structures of molecular complexes be- 
tween 1.3,.7,.9-tetramethyluric acid and pyrene, 3.4- 
benzopyrene and coronene, first described by Weil- 
Malherbe', are being investigated in our laboratory. 

In a previous communication?, the molecular 
packing in hydroxymethyl purine crystals was 
discussed with reference to the results of an X-ray 
determination of the crystal structure of 1,3,7.9- 
tetramethyluric acid. We wish to report here the 
most significant aspects of the molecular arrangement 
in a 1:1 complex between that acid and pyrene as 


Fig. 1(a). 


Fig. 1(). 
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Fig. 2. Schematic drawing of the perpendicular separation of 


the molecules in one stack through the unit cell 


revealed by an X-ray investigation of the crystal 
structure. 

Two molecules of 1.3.7,9-tetramethyluric acid and 
two molecules of pyrene are contained in the unit 
cell of dimensions a=9-71 b=8-00 A. : 
15-04 A. ; 8=117°. The space group is P/e—C,;? and 
the asymmetric unit contains one molecule of 1,3.7.9- 
tetramethyluric acid and one molecule of pyrene in 
general positions. 

Fourier projections were calculated on (010) and 
(100) after the phases of a sufficiently large fraction of 
the observed reflexions had been established through 
a combination of optical Fourier transform and 
Patterson methods*. A refinement was then carried 
out through reiterate cycles of structure factor 
calculations on a 650 I.B.M. electronic computer 
up to a degree which was judged to be consistent with 
the complexity of the structure and the falling off 
of the intensities with the Bragg angle. 

The most interesting feature of the crystal structure 
is a plane-to-plane alternate stacking of 1,3,7.9- 
tetramethyluric acid and pyrene molecules in infinite 
columns parallel to the b-axis. Two such columns 
run through the unit cell and are related to each other 
by a glide plane. A projection of the electron density 
on (010) and (100) is shown in Figs. l(a) and 1(b). 

In Fig. 2 the perpendicular separation and the 
relative orientation of 1,3,7,9-tetramethyluric acid 
and pyrene molecules in the complex is illustrated 
schematically. A graphite-like displacement from 
coincidence of the perpendicular projections of the 
atoms in one molecule with respect to the atoms in the 
next molecule may be noticed. This mode of packing 
is typical of molecular complexes the stability of 
which is commonly a;cribed to ‘polarization bond- 
ing’** between the components, the complexes be- 
tween aromatic hydrocarbons and s-trinitrobenzene 
being a well-known example®. Weak charge transfer 
and dipole-induced dipole forces between the polar 
purine and the polarizable aromatic molecule, in 
addition to Van der Waals interactions, must there- 
fore make the dominant contribution to the stability 
of the molecular complex between the acid and 
pyrene. 
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Just as in other similar cases, it is very likely that 
the relative orientation of the two components in the 
complex is the result of a compromise to produce 
maximum overlap between the z-orbitals involved in 
the electron transfer and between the polar regions 
of the purine and the polarizable regions of pyrene. 

A correlation with other properties will be needed 
in order to try to assess the relative importance of the 
different forces contributing to the stability of the 
comp!ex. 

It may also be expected that the determination 
of the crystal structures of 2:1 complexes between 
1.3.7.9-tetramethylurie acid and larger aromatic 
hydrocarbons in progress in our laboratory will be of 
considerable heip in this respect, as well as in the 
e‘ucidation of the mechanism of solubilization of 
polycyclic hydrocarbons in purine! and DNA water 
solutions (Liquori, A. M., Ascoli, F., Botré, C., De 
Lerma. B.. and Tresciotti. M., work to be published). 

Fu!l details of this work, which was supported by 


the Consiglio Nazionale delle Ricerche and by a 
grant from the Rockefeller Foundation. will be 
published shortly. F. De Santis 


E. GIGLio 
A. M. Liqvor! 
A. RIPAMONTI 
Istituto Chimico. 
Centro Studi di Chimica Fisica 
de! Consiglio Nazionale delle Ricerche, 
Universita. Naples. 
? Weil-Malherbe, H., Biochem. J., 40, 351 (1946). 
* De Santis, P., Giglio, E., and Liquori, A. M., Nature, 188, 46 (1960). 
Lipson, H.. and Cochran, W., Determination of Crystal Structures 
(G. Bell and Sons, Ltd., London, 1953). 
* Wallwork, 8. C., J. Chem. Soc., 494 (1961). 
*MeGlynn, 8. P., Chem. Rev., 58, 1113 (1958). 


A New Technique for the Production 
of Synthetic Corundum 


LARGE crystals of corundum have been grown for 
many years by the flame-fusion process originated 
by Verneuil!. Crystals coloured by small amounts 
of chromium, titanium, vanadium and other transition 
metal oxides are used in the gem industry and as 
jewel bearings and gramophone styli. The recent 
interest in ruby (chromium-doped corundum) as a 
paramagnetic material for use in masers and lasers 
has directed attention to the imperfections of the 
flame-fusion crystals. In particular, the inhomo- 
geneity of chromium distribution in the crystals, the 
excessive residual strain and gross lattice imper- 
fections detract from their usefulness in micro-wave 
and optical devices. Alternative methods of growth 
capable of giving better quality crystals are therefore 
of considerable interest for research in solid-state 
physics. 

The hydrothermal growth of corundum has been 
accomplished (ref. 2 and Butcher, J., private com- 
munication, Hirst Research Centre of the General 
Electric Co., Ltd.), but considerable difficulties are 
involved in the production of good-quality crystals. 
It is necessary, for example. to work under conditions 
of high temperature and pressure where serious 
attack of conventional autoclave materials is ex- 
perienced. The development of autoclaves of 
new design with heat-resisting alloys and inert metal 
liners is necessary, and the process is not yet suitable 
for the consistent production of large crystals. 

Frémy and Feil® in 1877 produced small flakes 
solution in lead oxide, but no 


of corundum from 
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further attempts to develop this method are recorded, 
and presumably after the success of Verneuil in 1890 
the incentive to synthesize ruby was largely removed. 
The fluxed-melt technique for crystal growing has, 
in recent years, revived for the laboratory 
production of comparatively large crystals of several 
inorganic oxide materials, for example, barium 
titanate, yttrium iron garnet and calcium tungstate*. 

Good-quality crystals of corundum, pure and doped 
with transition metal oxides, have now been produced 
from solution in lead fluoride. The process is carried 
out in a platinum crucible heated in a conventional 
laboratory furnace. The crystals are produced by 
spontaneous nucleation on slow cooling as hexagonal 
plates up to 2-3 em. The thickness of the 
plates is largely dependent on the initial conditions 
of cooling, and in favourable circumstances they 
measure up to 1 em. along the c-axis. 

The crystals grow as truncated trigonal trapezo- 
hedra bounded by (0001) and (1011) type faces, but 
(1012) faces are occasionally observed. The surfaces 
of the latter appear roughened and they evidently 
disappear if the duration of growth is sufficiently 
prolonged. The {1012} faces are thus more com- 
monly observed on thick crystals, which require more 
growth perpendicular to the c-axis for these faces to 
grow out. 

There is some tendency for the incorporation of 
lead fluoride in planes parallel to (0001); but many 
good-quality clear crystals, free from obvious faults, 


been 


across. 


are obtainable. 

The incorporation of high concentrations of para- 
magnetic ions can be readily achieved by this tech- 
nique, and the products have the additional advantage 
of being strain-free. 


E. A. D. Waite 


Central Research Laboratories, 
Hirst Research Centre, 
General Electric Co., Ltd., 
Wembley. 
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and Baillman, A. A., J. Amer. Chem. Soc., 80, 2655 


RADIATION CHEMISTRY 


Electron Spin Resonance Absorptions 

induced by Light in Adsorbed Layers 

of Cyanine Dyes on Silver Bromide 
Microcrystals 

Ix connexion with the investigation of the mech- 
anism of spectral sensitization of the photographic 
process, light-induced electron spin resonance absorp- 
tions in gelatinless precipitates of silver bromide 
dyed with cyanine dyes have been observed. No 
signals were detected under any conditions from 
the undyed silver bromide precipitates. 

Electron spin resonance observations were made 
at 77° K. and at room temperature, utilizing the 
100-ke./s. Varian ESR spectrometer. Samples were 
illuminated in the resonance cavity with a 500-W. 
tungsten lamp and a mercury-vapour lamp, from 
which light of selected wave-lengths was isolated by 
means of filters. 

The sensitizing dyes examined constituted vinyl- 


ogous series of quino-2,2’-cyanines and of thia- 
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cyanines. The dyes were (1) 1,1 -diethyl-2,2’-cyanine 
p-toluenesulphonate; (2) 1,1’-diethyl-2,2’-carbocyan. 
ine bromide; (3) 1,1’-diethyl-2,2’-dicarbocyanine 
bromide; (4) 3,3’-diethylthiacyanine bromide; (5 
3,3’-diethylthiacarbocyanine bromide; (6) 3,3’-di. i 
ethylthiadicarbocyanine bromide; (7) 3,3’-diethyl. 


~ 


“i ee ; , Tips site a 
thiatricarbocyanine bromide; and (8) 3,3’-diethyl-9. ' 
methylthiacarbocyanine bromide. . 

Pure crystalline cyanine dyes (1), (2) and (4) did , 


not exhibit detectable electron spin resonance absorp. b 
tions under any conditions. Pure crystalline cyanine 
dyes (3), (5), (6), (7) and (8) exhibited absorptions | d 


at 77° K. and at room temperature, and also weak 3 
absorptions induced by light at 77° K. - 
Two reports! have appeared describing electron 
spin resonance at room temperature by crystalline t 
dyes having extended systems of conjugated double “ 
bonds. The authors concluded that the observed 0 
absorptions were characteristic of long, unsaturated, il 
conjugated chains, that they were not associated with t] 
excited states, and that they were possibly character. tl 
istie of the crystalline state of the conjugated dye a 
molecules. T 
All precipitates of silver bromide containing ad- 3 
sorbed layers of each of these dyes (probably no ri 
more than a complete monolayer) exhibited at 77° K. a 
narrow, structureless electron, spin resonance signals at r 
g = 2-005 when exposed to light absorbed by the | p 
dye or by the silver bromide. In steady illumination, a 
the electron spin resonance signals induced by light | ti 
grew to an equilibrium intensity in about 4 min. b 
and they decayed incompletely upon cessation of e 
illumination if the temperature was maintained at i 
77° K. Warming the sample dissipated the light- |» 
induced signal completely. The cooling—illuminating- 
warming cycle was reversible and could be repeated ir 
many times, with no detectable change in behaviour t] 
of the samples. t] 
The electron spin resonance response by the dyed t] 
precipitates exposed at 77° K. was greater in a of 
vacuum than in an air atmosphere. Evacuated fc 
samples dyed with dyes (2), (6) and (8) showed weak, a 
reversible, light-induced absorptions at room tem- q 
perature; silver bromide dyed with dye (2) exhibited 
a weak, reversible, light-induced absorption in air at 
room temperature. Re-admission of air to an evacu- $ 
ated sample restored the sample to its original 
behaviour. 
The action spectrum of the electron spin resonance 
signal induced by light and exhibited at 77° K. by | . 


an evacuated sample of silver bromide dyed with 
dye (8) was observed by utilizing for exposure narrow- 
band spectral regions isolated by means of inter- 
ference filters. The action spectrum followed the 
long wave-length edge of the absorption band of the 
adsorbed dye through the maximum at about 610 mu. 
The action maximum and the absorption maximum 
coincided within the limits of experimental error. 
On the short wave-length side of the maximum, 
however, the intensity of the electron spin resonance 
signal induced by light decreased with decreasing 
wave-length much more rapidly than the absorption 
of the adsorbed dye. The absorption of this dye at 
wave-lengths shorter than the maximum is in the 
form of an H-band. For some dyes, the sensitizing 
efficiency of light absorbed within their H-bands is 
known to be low?. Although the sensitizing efficiency 
of dye (8) is high in emulsions at room temperature 
at wave-lengths within the H-absorption band, it is 
suggested that at low temperatures the inefficiency 
of the H-band in sensitization, shown by some thia- 
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earbocyanines, may overtake dye (8) and account for 
the feebleness of the electron spin resonance response 
to wave-lengths in the H-band. 

The electron spin resonance signals induced by 
light shown by the dyed samples of silver bromide 
are much more intense than those exhibited by the 
pure crystalline cyanine dyes. There seems to be 
no doubt that these signals are associated with the 
adsorbed dye monolayer as it exists on the silver 
bromide crystallites. A weak signal induced by light 
was exhibited at 77° K. by a sample of lead bromide 
dyed with dye (i); this was very similar to the more 
intense signal induced by light and exhibited at 

K. by silver bromide dyed with dye (1). 

These observations seem to show without doubt 
that unpaired electrons, associated with the presence 
of an adsorbed layer of sensitizing dye on the surface 
of the silver bromide microcrystals, are produced by 
illumination of the sample with light absorbed by 
the dye. The conditions of the experiments preclude 
the possibility of detecting electron spin resonance 
absorptions by the triplet states of the dye molecules’. 
The observed electron spin resonance absorptions 
induced by light most probably arise from free 
radicals derived from dye molecules that are stabilized 
at low temperatures. The instability of the free 
radical derived from the dye molecule at room tem- 
perature, coupled with the lower sensitivity of the 
electron spin resonance spectrometer and the difficul- 
ties encountered in illuminating the samples, pro- 
bably account for the negative results of the two 
earlier attempts* to detect electron spin resonance 
signals induced by light and exhibited by dyed silver 
bromide precipitates. 

At present, the precise origin of the free radicals 
in these experiments cannot be stated. They may be 
the residue of dye molecules which have sensitized 
the silver bromide by transferring an electron into 
the conduction band of the crystal. But there are 
other possible modes of production of free radicals, 
for example, the action of bromine atoms on the 
adsorbed dye molecules. We hope to study such 
questions in the near future. 


id 
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Radiolytic Oxidation of Ferrous Solutions 
with Standardized Internal Sources of 


Polonium-210 
Tue G-value of the oxidation in the aerated 
‘Fricke’ dosimeter solution for irradiation with the 


x-particles of polonium-210 does not appear to be 
established accurately. Values ranging from 6-3 to 
5-1 have been published with a tendency towards the 


lower figures as time progressed. The latest values, 
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5-5 and 5-1, published simultaneously by Lefort and 
Tarrago' and Trumbore and Hart*® respectively, do 
not We have redetermined this value by 
radiolysis with polonium-210 dissolved in 0-8 NV 
sulphurie acid containing ferrous ammonium sul- 
phate and sodium chloride both at a concentration of 
10 M. The energy dissipated by radioactive decay, 
and absorbed by the system, was determined from 
standardization of the specific activity by 4x-internal 
liquid scintillation counting and an acceptance of the 
value 5-305 MeV. (ref. 3) for the energy of the polon- 
ium-210 particle. No account was taken of possible 
effects caused by the recoiling lead-206 nucleus. 
Radiochemically pure polonium-210, obtained from 
the Radiochemical Centre, Amersham, was converted 
to nitrate-free sulphuric acid solution by thorough 
boiling with concentrated sulphurie acid. Since the 
polonium was added to the dosimeter solution carrier- 
free, it was necessary to establish that it stayed in 
solution in the strong acid medium without significant 
adsorption on the container walls. The percentage 
of radioactivity lost by adsorption was found to be 
totally insignificant in the range of surface-to-volume 
ratios of the apparatus used in this work. 
Irradiations were carried out at constant temperature 
in spherical flasks ranging in volume between 10 ml. 
and 500 ml. Owing to the small «-particle range in 
the solutions no significant loss of energy over the 


agree. 


glass 


boundaries was expected or observed. 





Fig. 1. 


Impulse spectrum, polonium-210 a-particles in the 
liquid scintillation counter 


The specific activities of the dosimeter solutions 
after addition of the radioactivity varied between 
9-8 uec./gm. and 25-6 ue./gm. Samples were taken at 
different times during the irradiations and diluted 
with 2 N hydrochloric acid to activity-levels conveni- 
ent for counting. It was found that the polonium 
was very efficiently carried by the hydrochloric acid 
even after further dilution by the liquid scintillator, 
and no significant adsorption or precipitation was 
encountered during standardizations. The accuracy 
of the very convenient liquid scintillation method of 
precision «-particle counting has already been 
demonstrated by its use in half-life determinations‘. 
Maximum error in counting measurements was well 
below 1 per cent. 

Altogether five different 
vielding a mean G-value of: 


irradiations were made 
5-08 + 0-02 ions per 100 eV. 


The error quoted is statistical only, calculated for a 
confidence limit of 68 per cent. Our result is thus in 
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complete agreement with the value of Trumbore and 
Hart : 

J. STEYN 

D. van As 

Radioactivity Division, 
National Physical Research Laboratory. 
South African Council for Scientific and 
Industrial Research, 
Pretoria. 

Phys. Chem., 63. 833 (1959) 
Phys. Chem., 63 (1959). 
A.E.R.E.-R 


' Lefort, M., and Tarrago, X., J. 
Trumbore, C. N., and Hart, E. J., J. 
*Allen, R. A., Millett, R. J., and Smith, D. B 


(1959) 


S6; 


2938 


‘Steyn, J., and Strelow, F. W. E.. Proc. Symp. Metrology Radionuclides, 
155 (1.A.E.A., Vienna, 1960) 


CHEMISTRY 


Non-Uniformity of Cross-linking in 
lon-Exchange Polymers 

Ix theories of ion-exchange, the exchanger material 
is usually treated as a homogeneous phase, and transfer 
phenomena between the exchanger and aqueous 
solutions have always been explained on the basis of 
equilibria between two homogeneous phases. Recent 
experiments have shown that this simple picture 
cannot be maintained. The exclusion of co-ions by 
ion-exchangers in equilibrium with an aqueous 
solution, for example, the exclusion of cations by 
anion-exchangers with fixed cationic groups, or vice 
versa, has been well known for many years (for 
numerous references see the recent paper by Free- 
man'). Qualitatively this phenomenon is well under- 
stood on the basis of a Donnan equilibrium, which 
requires that the product of the ion activities of the 
electrolyte in the exchanger must be proportional to 
that in the solution. For a 1 : 1 electrolyte solution 
in contact with an anion-exchanger: 


{m} {M+mi=k fm 2 
—— so — yo ee, —E , 
positive negative ion product (1) 
ions ions in solution 
ey ~N\ea 
in exchanger 
Hence, at low concentrations where m < M, the 


uptake m of a 1:1 electrolyte like sodium chloride 
in an anien-exchanger of high fixed charge molality 
M should be proportional to the second power of the 
concentration, or more precisely, of the ion activity 
(my) of this electrolyte in the equilibrating solution. 

Verifications of this simple relation, however, have 
been far from perfect, largely due to the fact that it is 
difficult to remove quantitatively the aqueous phase 
from the surface of the exchangers. However, the 
conviction of research workers in the applicability 
of the Donnan law has always been sufficiently strong 
to introduce plausible though arbitrary correction 
terms, sufficient in number to restore the expected 
power law. 

To overcome this experimental difficulty, a more 
refined measuring technique was introduced, in which 
amounts of electrolyte released from the equili- 
brated and wiped membrane into pure water are 
studied as a function of time. By extrapolating the 
observed curve back to zero time, according to the 
theoretical diffusion curve, it is then possible to 
eliminate the effect of the surface layer. which is 
released at the moment of immersion and does not 
affect the subsequent diffusion process. This permits 
an accurate analysis of the amounts of electrolyte 
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Ion activity of solution: my (m.equiv./gm. water) 


Experimental determinations of electrolyte uptake and 
through-diffusion 


Fig. 1. 


taken up by the body of the exchanger independent 
of the amounts adhering to the surface. This, and 
the use of radiotracers, made it possible to measure 
the amounts of actual uptake over variations of more 
than 6 powers of ten. Fig. 1, curve A, shows the 
measured uptake results for sodium chloride on an 
A.C.I. anion exchanger membrane (made by the 
Asahi Chemical Industry Co., Ltd., Tokyo), with the 
uptake in equiv. per gm. of wet exchanger membrane 
plotted against the ion activity my. of the solution. 
This membrane is a homogeneous styrene-divinyl- 
benzene co-polymer (approximately 8-10 per cent 
divinylbenzene) with quaternary ammonium groups 
and, when fully swollen, has a water content of 0-27 
gm./gm. Instead of the expected proportionality 
of the uptake m with (my)?, an exponent of 1-42 was 
observed. 

The only rational explanation which will give a 
constant exponent over such a wide range of observa- 
tions is that the exchanger is not a homogeneous 
phase, but that the fixed-charge density (and the 
cross-link density) in the exchanger varies continu- 
ously over a very wide range. Moreover, in order to 
give the fractional power law, the fixed-charge molal- 
ity must vary in such a way that a fraction do of the 


swollen exchanger has a_ fixed-charge molality 
between M and M + dM defined by: 

de 

—— Kk V-2 2) 

= \¢ 
where K and z are constants, K being fixed by 


: and the experimental mean exchanger molality M. 
Then, if the appropriate Donnan relation is applied 
to each locality, and integration is carried out over 


the whole mass of the exchanger, one obtains a 


relation for the mean electrolyte uptake m of the 
type: 


m = K’ . (my)*-? (3) 


The results of Fig. 1 thus agree with this concept. 
The observed behaviour of the electrolyte uptake is 
therefore a clear indication that the fixed charge 
molality M, and hence the distribution of cross-links 
in the exchanger polymer, is very far from uniform, 
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For the case investigated (WM = 4-75) the local fixed 
charge molality in the exchanger appears to vary 
from Mmax. ~ 17 to Muin. < 10-* equiv. per 1,000 
om. of swelling water, the distribution following 
equation (2) with K = 0-131 and z = 0-58. 

The determinations of electrolyte uptake described, 
itilizing the diffusion release from the membrane. 
gave a clear indication that the apparent diffusion 
constant D’ in the exchanger based on a Fick’s law 


equation: 


= — (4) 
ct Ox? 
fell from 9 x 10-7 em.?/sec. at m = 0-4 m.equiv./gm, 


H.O continuously to 15 x 10-7 cm.?/see. at m = 
t x 10-7 m.equiv./gm. H,O. As, at low uptake values. 
strength in an assumed homogeneous 


the ionic 


exchanger would be practically constant at WM = 4-75 
m.equiv./gm. H,O, there is no reason why in this case 
the true diffusion coefficient should change signifi- 
cantly. The obvious cause of the varying values of D’ 
is that the exchanger is non-homogeneous. In this 
case the left side of equation (4) refers to the change in 
mean electrolyte concentration in the exchanger, while 
the concentration c on the right side refers to the 
coneentration gradient in that fraction of exchanger 
which governs the diffusion process, namely, the more 
plentiful highly cross-linked fraction. Under these 
conditions, D’, caleulated according to equation (4). 
is not a true diffusion coefficient and it must vary in 
the observed direction. 

On the basis of the foregoing explanation one would 
expect that steady-state diffusion through the 
membrane would be governed predominantly by the 
diffusion resistance of the highly cross-linked part, 
and this should follow a Donnan law more closely 
than the electrolyte uptake, which is largely influenced 
by the small fraction of low cross-link density. 
Experiments were carried out, therefore, in which the 
amount of diffusing electrolyte was measured, with 
one side of the membrane (thickness 0-019 em.) in 
equilibrium with a solution of molality m, and with 
the other side washed with distilled water. 

Fig. 1. curve B, shows the m.equiv. of sodium 
chloride diffusing per cm.* per second plotted against 
my of the solution on a log-log scale. The diffusing 
amounts follow a power law of (my)!-7’, thus showing 
a rather closer approach to the value of 2 expected 
for a homogeneously cross-linked system. 

While the experiments (through the value of the 
constant z) give a clear indication of the degree of non- 
uniformity of the exchanger phase, they cannot 
decide the question of how it originated. A reasonable 
assumption would be that during the initial stages 
of the polymerization process, the divinylbenzene 
molecules combine preferentially with each other, 
leaving some very large chains of polystyrene with 
little cross-linking between them. Appropriate 
variations in the technique of manufacture combined 
with the analysis of non-uniformity by means of the 
determinations of electrolyte uptake described could 
throw some light on this question. 

These investigations are being extended to other 
types of electrolytes and to other exchangers; these 
have so far shown a similar behaviour. 

E. GLUECKAUF 
R. E. Warts 
Atomic Energy Research Establishment, 
Harwell. 


Freeman, D. H., J. Phys. Chem., 64, 1048 (1960). 
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Quantitative Analysis of Milk and 
other Emulsions by Infra-Red Absorption 
A BEAM of radiation passing through an emulsion 

can be attenuated by both absorption and scattering 
effects. Quantitative absorption measurements on 
such systems are only reliable when the effects of 
scattering are made small in comparison with those 
of absorption ; that is, when the ratio of the refractive 
indices of the two phases approaches unity and when 
the size of particle is considerably than 
the wave-length. For milk, the ratio of the fat/serum 
refractive indices is approximately 1-1 and since the 
mean fat globule diameter of homogenized milk 
samples is about lu, scattering effects will be expected 
to be small at wave-lengths greater than 5u. Homo- 
genization will therefore reduce photometric errors 
caused by variations in the sizes of fat globules of 
milk samples from cows of different breeds and in 
different states of lactation. 

Under suitable experimental conditions, the infra- 
red spectra of homogenized milk samples show absorp- 
tion peaks near 5-8, 6-5 and 9-6u, these bands being 
due mainly to the fat. protein and lactose components 
respectively. Except for the effects of the fat on the 
6-5u protein band, the interaction coefficients are 
small and, to a first approximation, the optical 
densities measured at 5:8 and 9-6u are directly 
proportional to the concentrations of fat and of 


less 


lactose. 

Analysis of a series of milk samples of 20 cows of 
different breeds and in different states of lactation 
gave standard deviations of 3 per cent or better for 
all three components. The concentrations of fat and 
of lactose were estimated from the measured optical 
densities of the 5-8u and 9-6u bands, and the protein 
absorption at 6-54 was corrected for changes in fat 
concentration as measured by the optical density 
at 5-8u. Further corrections should reduce all these 
standard deviations. since ‘synthetic’ milk samples 
made by mixing varying amounts of cream and 
separated milk from the same bulk-milk sample gave 
a correlation of fat percentage and optical density at 
5-8u. which approached the limit of the photometric 
accuracy. namely, + 1 per cent. 

Milk samples were examined in a cell of path- 
length approximately 50, a similar cell containing 
water being placed in the solvent position of a double- 
beam spectrometer fitted with filters to remove stray 
radiation. Since the absorption by water was so 
intense at all three wave-lengths, only a few per cent 
of the total radiation was transmitted and the peak 
optical densities were about 0-2 for this path-length. 
Little improvement was obtained by increasing the 
path-length, since the reduced solvent transmission 
necessitated the use of a larger slit-width causing a 
decrease in resolution and increase in stray radiation. 
Except for the contribution of the protein to the 
9-6u lactose band. all the interaction coefficients were 
negative, indicating that the non-absorbing compo- 
nent had an apparent negative absorption effect due 
to displacement of the more intensely absorbing water 
molecules. 

Fig. 1 illustrates part of the spectra of homo- 
genized milk and separated milk, the negative 
absorption effect of the lactose and protein being 
apparent in the separated milk spectrum at 5-8. 

Tests showed that a change in homogenization 
pressure from 50 to 200 kgm./cm.?, giving a change of 
mean diameter of fat globules of 1 to 0-5u, made no 
difference to the measured absorption intensities. 
Thus the scattering contribution was either constant, 
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or less than the limits of experimental error. Unlike 


previous turbidimetric methods for the anaiysis of 


milk, the infra-red absorption method is readily 
adapted to continuous recording of all three compo- 
nents, since the milk can be pumped directly from a 
small homogenizer into the infra-red absorption 
cell without dilution or addition of reagents. Further, 
the homogenizer is not required to operate under 
exactly reproducible conditions. 

Analysis of hydrocarbon and other emulsions 
should be possible by use of the appropriate absorp- 
tion bands, and samples of a few millilitres could be 
analysed using the small laboratory homogenizer 
described by Phipps'. Provided the of the 
particles of the suspended phases were small enough, 
homogenized emulsions could be analysed directly 
by the infra-red absorption method. 

This method is subject to U.K. Patent Application 
Nos. 3308/61 and 22,692/61, and full details will 
be published later (probably in J. Dairy Res.). 

é. Db. 


81ZeS8 


GOULDEN 
National Institute for Research in Dairying, 
University of Reading. 


' Phipps, L. W., Lab. Practice, 9, 313 (1960). 


Detection by lonization of Atmospheric 
Gases during Analysis by Gas 
Chromatography 


WHEN small quantities of atmospheric gases are 
added to pure helium, the electrical conductivity of 
the helium increases. This effect forms the basis of a 
sensitive method for detecting these gases in the 
effluent of a gas chromatography column. 

Berry', who used a Lovelock ionization detector? in 
conjunction with helium carrier gas, reported that 
painstaking purification of the helium was essential 
to obtain this effect. The work of Landowne and 
Lipsky*® and Ellis and Forrest* tends to confirm this. 
These investigators reported obtaining decreases in 
ionization current with the addition of atmospheric 
gases when they used unpurified helium under other- 
wise similar experimental conditions. 
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By modifying the design of the detector cell so as 
to minimize contamination of the gas by air, we have 
achieved the effect and order of sensitiy ity reported by 
Berry although commercial helium without further 
purification was used. As the result of experiments in 
which the helium was deliberately contaminated, we 
were able to estimate that the purity required is not 
more than that specified for commercial helium. 

The design of the detector cell is shown in Fig. 1, 
The central hole in the poly-tetrafluoroethylene 
insulator was drilled 0-010 in. smaller in diameter than 
the diameter of the anode pushed through it. The 
portion of the insulator projecting into the cathode 
cylinder was machined to a diameter 0-008 in. greater 
than that of the cylinder into which it was forced. 
The outlet of the detector cell is 0-050 in. inner 
diameter tubing at least one inch long to minimize 
back diffusion of air. In this detector cell, the 
junctions of insulator and electrode surfaces were 
capable of withstanding at least two atmospheres of 
gas pressure without apparent leakage. This is the 























only apparent significant difference between this 
design and that of Lovelock?.®. 
TM 
ven. OLLI r 
a * Tube 
7 Fetes — 




















zn ot 








Fig. 1 


We chose to operate this detector cell so that the 
voltage across it was recorded while 1 uamp. from a 
source of constant current flowed through it. Under 
these conditions, a decrease in voltage, rather than 
increase in ionization current, indicates an increase in 
the electrical conductivity of the gas. This mode of 
operation is very convenient, makes the presence or 
absence of a radioactive source in the detector imma- 
terial, and extends the dynamic range of the detector 
when decreases in the conductivity of the gas are to be 
followed. Qualitatively comparable results were 
obtained by impressing 400-600 V. across a similar 
detector containing a tritium foil and monitoring the 
current. 

Table 1 
l 
Initial sensit- Increment of concentza- 


ivity (V./ |tion for max. conductivity Peak change 
Gas | volume per of the mixture (volumes | in conduct- 
million per million volumes of ivity (V.) 
volumes of elium) 
helium) 
Oxygen 11 230 180 
Nitrogen 4 520 250 
Argon 3 960 270 
Carbon 
dioxide * 5 80 184 


* Determined using silica-gel column 
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The response of the detector was determined for 
oxygen, nitrogen, and argon analysed using a column 
containing a Linde molecular 5A. Carbon 
dioxide was analysed using columns containing silica 
gel. As the concentration of each of these gases in 
the helium increased, the electrical conductivity of 
the mixture increased, reached a maximum, and then 
decreased. The sensitivity, the concentration of each 
gas necessary to bring the conductivity of the binary 
mixture with helium to a maximum and the electrical 
conductivity at that maximum varied among the 
different gases. Values for these parameters under one 
set of experimental conditions are shown in Table 1. 
The stability of the system is such that random noise 
is less than 0-1 V., from which the ultimate sensitivity 
of the detector may be estimated. 

Commercial helium is specified to be at least 99-99 
per cent pure®. From the increases in concentration of 
contaminating gases required to bring helium to 
maximal electrical conductivity, one would infer 
that the purity of the helium is less significant than 
the experimental conditions in determining whether 
the conductivity will increase or decrease on the 
addition of permanent gases. In our experience the 
response was determined largely by the design and 
construction of the detector cell. 

ARTHUR KARMEN 
LAURA GIUFFRIDA 
RosBert L. Bowman 
Laboratory of Technical Development, 
National Heart Institute, 
National Institutes of Health, 
U.S. Public Health Service, 
Bethesda 14, Maryland. 
' Berry, R., Nature, 188, 579 (1960). 
* Lovelock, J. E., J. Chromatography, 1, 35 (1958). 
*Landowne, R., and Lipsky, 8., Nature, 189, 571 (1961), 
‘ Ellis, J. F., and Forrest, C. W., Anal. Chim. Acta, 24, 329 (1961). 

Lovelock, J. E., Anal. Chem., 33, 162 (1961). 

* Deaton, W. M., Purity of Grade A Helium (U.S. Bureau of Mines 
Helium Activity, Amarillo, Texas, 1959). Matheson Gas Data 
a 221 (The Matheson Co., Inc., East Rutherford, New Jersey, 
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Effect of Ozone on the Fluorescence and 
Ulitra-violet Absorption Spectra of 
3,4-Benzopyrene 
PREVIOUS investigations concerning the quantita- 
tive determination of the 3,4-benzopyrene content of 
the air by fluorescence emission spectroscopy! showed 
that the fluorescence intensity of the samples exposed 
for some hours to air decreased markedly. Experi- 
ments were carried out with benzene solutions of 
3,4-benzopyrene to investigate this effect. Standard 
concentrations of 1-2, 12, 120 and 1,200 ygm./ml. 
were prepared. Ozone was generated in an experi- 
mental chamber with an electric spark generator, 
Kocsis system, and the ozone-contaminated air of the 
chamber was aspirated through an impinger filled 
with 6 ml. solution. The ozone content was determ- 
ined with 2 N potassium iodide by the analytical 
method described by Thorp*. The fiuorescence 
emission spectra of the 3,4-benzopyrene solutions 
were taken with a fluorescence spectrophotometer 
specially designed for these investigations by one of 
us. At the same time, the ultra-violet absorption of 
the samples was measured with a Beckman UD 

spectrophotometer. 

Fig. 1 shows that, as a result of the ozone treatment, 
the fluorescence of the samples decreased with 
increasing time of treatment, that is, increasing 
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amount of ozone introduced into the samples. Curve 
a of Fig. 1 refers to the fluorescence before the ozone 
treatment, b to that after 3 min. aspiration (33 ugm. 
ozone/l. air), c, after 7 min. (104 ugm. ozone/I. air), 
and d, after 10 min. treatment (255 ugm. ozone/l. air). 
At the same time, the absorption peaks decreased too. 
If the ozone treatment continued long enough, 
fluorescence and absorption were extinguished. The 
time necessary to decrease the initial fluorescence 








GOS 


peaks to a tenth of their original value appeared to 
concentration, and for larger concen- 
wave-length with shorter decay times 


depend 
trations 


on 
on 


of peaks at 406 mu. The process of decreasing 
fluorescence intensity can be accounted for by a 
bimolecular law, since the logarithm of the peak 


versus the logarithm of the ozone concen- 
tration gives straight lines (Fig. 2: a refers to the 
peak at 406 mu; 6, to the peak at 428 my). 

1.200 ugm./ml. concentrations were crystallized 
from solution after, as a result of the treatment with 
ozone. the fluorescence extinguished. Micro- 
scopical investigations showed a structural difference 
between the ozone treated and the original crystals. 
Electron diffraction patterns taken with a Hitachi 
electron microscope operated at 75 kV., 50 m.amp.. 
give a marked difference too. The melting point of 
the ozone-treated crystals was not sharply defined 
110—130° C.) whereas the melting point of 3,4-benzo- 
pyrene crystals is 176° C. 

\ detailed account of this work will be published 
We thank Dr. J. Morik for valuable 
discussions and J. Dvorzsak for assistance in 
taking the electron diffractograms. 


Z. Mor.in 
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Institute for Technical Physics 
of the Hungarian Academy. 
K. M. SARINGER 
State Institute for Hygiene, 
Budapest. 
and Morlin, Z., Egézségtudomany, 1, 193 (1957). 
Anal, ed., 12, 209 (1940). 
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Supercontraction of lodinated Wools 


Haly and Feughelman' have shown that iodination 
of wool, when using ethyl alcohol as the solvent, 
causes a large reduction in the rate of second-stage 
supercontraction. They express the opinion that 
“it does seem possible that iodination of tyrosine 
(or other) residues could, through steric hindrance, 
make movement of groups, and therefore disruption, 
more difficult’. Leveau et al.* attributed the lowering 
of the urea—bisulphite solubility of the iodinated 
wools to a strengthening of the hydrogen bonds of 
the phenolic hydroxyl groups by the substitution of 
the halogens on the tyrosine molecules. In a recent 
publication the explanation was offered by me® that 
the decrease in supercontraction of the second stage 
by iodination was due to the steric hindrance caused 
by the two bulky iodine atoms substituted in the 
3.5 positions on the tyrosine molecule. whereby the 
partially hydrated lithium ion, with its comparatively 
large volume, is prevented from reaching the hydrogen 
bonds formed by the hydroxyl group. These hydrogen 
bonds will therefore remain intact during the super- 
contraction reactions and the subsequent restriction 
of the movement of the chains will reduce the rate 
of disulphide interchange taking place. thus reducing 
the rate of second-stage supercontraction. 

While investigating the ability of different alcohols 
to penetrate into keratin fibres, Harrison and Speak- 
man‘ found that fibres treated with a solution of 
iodine in either methyl alcohol or ethyl alcohol under- 
vo total iodination of the tyrosine residues present 
in the keratin. Butanol and higher alcohols do not 
penetrate the fibre at all and, consequently, iodination 
with these higher alcohols as solvents for the iodine 
is effective for less than 1 per cent of the tyrosine 


residues present. When the iodine is, however, dis- 
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solved in n-propyl alcohol the reaction was shown 
to proceed to a point where about one-third of the 
tyrosine residues in the keratin could be accounted 
for. Haly and Feughelman® investigated the X-ray 
diffraction patterns of iodinated with an 
ethanolic and an »-propanolic solution of iodine 
respectively, and concluded that both ethanol and 
propanol solutions iodinate tyrosine residues in the 
matrix. but only the ethanol solution produces iodina. 
tion of tyrosine in the microfibrils. 

The series zone model for ketatin fibres* explains 
many of the physical properties of animal fibres, 
such as the two-stage supercontraction in concen- 
trated solutions of lithium bromide at elevated tem. 
peratures and the stress-strain behaviour. According 
to this model, the matrix plays no part in the super. 
contraction, contraction occurring exclusively in the 
microfibrils. The two different kinds of zones occurring 
alternately along the length of the microfibrils are 
responsible for the two distinct contraction stages 

In view of this theory, it seemed appropriate to 
investigate whether selective iodination of the matrix 
alone would have any influence on the supercon. 
traction of the fibres. 

One end of a l-cm. section from the root end of 
a 64’s Merino wool fibre which had previously been 
washed in petroleum ether, ethanol, 1 per cent 
aqueous solution of ‘Lissapol’ (I.C.I.), water, ethanol 
and ether successively, was attached to a glass rod 
with molten polystyrene. A snippet, 0-5 mm. in 
length, was cut from the free end of this fibre section 
and supercontracted at 90°C. in an_ unbuffered 
7-8 M lithium bromide solution, using the technique 
of Haly and Griffith’. The fibre section remaining 
on the glass was then iodinated in the way described 
in ref. 4. Special care was taken to ensure that the 
fibre section was absolutely dry and that the pro- 
pyl alcohol contained no lower homologues or water. 
The iodination reaction was allowed to proceed for 
14 days at 22°C., after which it was washed with 
sodium thiosulphate solution and water. After dry- 
ing in a stream of cold air, a 0-5-mm. snippet was 
again cut off from the free end of the section and 
supercontracted. This procedure ruled out the 
variations, with regard to supercontraction, found 
along the length of the fibre as the two snippets were 
adjacent in the original fibre and with a total length 
of only about 1 mm. 

Four determinations were carried out in this way 
using four different wool fibres. In none of these 
cases could any significant difference be detected 
between the supercontraction curves before and 
after iodination in the presence of »-propyl alcohol. 
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Fig. 1. Supercontraction of untreated and iodinated wool in 

78M lithium bromide solution at 90°C. @, Untreated; 

®, treated for 72 hr. in an ethanolic solution of iodine; ©, treated 
for 14 days in an n-propanolic solution of iodine 
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No. 4791 August 26, 1961 
The accompanying graph shows the kinetic super- 
contraction of untreated wool and wool iodinated 
with an n-propanolic solution of iodine in comparison 
with wool treated with a solution of iodine in ethanol 
for 72 hr. 

The results are in agreement with the X-ray 
results in that the matrix alone is iodinated with 
the n-propanolic solution, with no effect on the 
supercontraction, while almost total iodination of 
matrix and microfibrils is achieved by using ethanol 
as the solvent, resulting in a marked depression of 
the second-stage supercontraction. 


O. A. SWANEPOEL 


South African Wool Textile Research Institute, 
Rhodes University, 
Grahamstown, South Africa. 


i Haly, A. R., and Feughelman, M., Tezt. Res. J., 36, 365 (1960). 
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France, 84, 17 (1959). 
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*Feughelman, M., and Haly, A. R., Kolloid Z., 168, 107 (1960), 
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BIOCHEMISTRY 


Identification of a Compound related 

to 6-Aminopenicillanic Acid, isolated 

from Culture Media of Penicillium 
chrysogenum 

It has previously been reported! that when a high- 
vielding strain of Penicillium chrysogenum was zrown 
in shake flasks in a chemically defined arginine 
lactose medium? containing sodium sulphate labelled 
with sodium-35 in the absence of phenylacetic acid. 
a radioactive compound extractable with n-butyl- 
acetate was formed instead of benzylpenicillin. This 
compound differed in its chromatographic properties 
from any of the known penicillin degradation products. 

Afterwards it was found that this compound was 
also formed when the mould was grown in stirred 
90-]. fermenters under standard conditions, using 
the vortex system of aeration on a chemically defined 
ammonium acetate ammonium lactate lactose 
medium’, and this made it possible to isolate the 
compound in larger amounts and to elucidate the 
structure. This work is reported in the present 
communication. 

Isolation : The culture medium (50-1. per fermen- 
ter) was gathered after 4 days fermentation (aeration 
condition: vortex system, eight-bladed turbine stirrer 
130 mm. diam., 700 r.p.m.. air flow 50 litres per min.). 
filtered, cooled to 5° C., acidified to pH 2, extracted. 
first (to remove traces of penicillin) with half a volume 
of chloroform in which the compound is insoluble. 
and then three times with two volumes of n-butyl 
acetate to remove the compound. The partition 
coefficients of the compound in different solvents were 
established in preliminary experiments in’ which 
labelled sodium sulphate was added to the culture 
medium and the distribution in solvents followed by 
measuring the radioactivity. The compound was 
transferred from the solvent into one quarter of its 
volume of water by adjusting the pH to 7, the aqueous 
solutions concentrated in vacuo at 40° C., cooled to 
5°C., acidified to pH 2, and percolated through a 
column of granular charcoal. The adsorbed compound 
was fractionally eluted by 70 per cent aqueous 
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ethanol; iodine titration was used for detecting 
the compound in the different fractions. The 
fractions containing the compound were concen- 
trated in vacuo for complete removal of ethanol, an 
excess of N,N’-dibenzylethylenediamine added, and. 
after ether extraction, the aqueous solution was 
concentrated to an oil. The crystalline N,N’-dibenzy1- 
ethylenediamine salt, melting point 110—114° C., was 
obtained by dissolving the oil in a minimal amount of 
hot water, adding acetone and cooling slowly. The 
dried salt was hygroscopic (found: C, 59-04; H, 6-65; 
N, 11-14; 8, 6.40; O (direct determination), 17-00 per 
cent; C,H,,.0,N.S8,C;,H.»N.2.1/2H,O; requires: C. 
58-92; H, 6-52; N. 11-00; 8, 6-29; O, 17-27 per cent). 
The yield was about 20 mgm./l. of culture medium. 
Altogether, about 25 gm. of N,N’-dibenzylethylene- 
diamine salt were prepared. 

The free acid was obtained from this salt by 
passing an aqueous solution cooled to 5° C. through a 
cation exchange column of ‘Amberlite JR 120°(H) 
and lyophilizing the percolate. The amorphous 
powder was hygroscopic (found: C, 39-61; H, 4-81: 
N, 9-76; S, 11:35 per cent; C,H,,.0,N.8,1/2H,O 
requires: C, 40-14; H, 4:37; N, 10-40; S, 11-91 per 
cent; C,H,,0;N,S,1H,O requires: C, 38-84; H, 5-07; 
N, 10-07; 8, 11-52 per cent). The free acid could be 
obtained crystalline from ether. Analysis suggested 
the presence of one mole of ether of crystallization. 
which was firmly bound; it was retained even on 
heating at 100° C. at 15 mm. pressure, but was lost 
on heating to the melting point (loss of weight 
roughly equivalent to one mole of ether). The 
compound effervesced between 110 and 120°C.. 
losing its crystalline structure, and melted at 140° C. 
(for two different samples, found : C, 45-85, 45-79; H, 
5-98, 6-37; N, 8-81, 8-73; S, 10-29, 9-68 per cent; 
C,H,.0;N,.8,(C.H;),0 requires: C, 46-69; H, 6-63; 
N, 8-38; S, 9-59 per cent). A crystalline dimethyl ester 
was obtained by adding an ethereal solution of diazo- 
methane to a solution of the free acid in ether-ethanol. 
evaporating to dryness and recrystallizing from 
ethanol. It had a melting point of 168—170° C. 
(found: C, 45-64; H, 5-61; N, 9-92; S, 10-96 per cent : 
C,,H,,0,;N,S requires: C, 45:82; H, 5-59; N, 9-72; 
S. 11-12 per cent). 

Elemeniary composition. The analyses of the N,N- 
dibenzylethylenediamine salt, the free acid, and the 
dimethylester indicate the formula of this compound 
to be C,H,,.0;N,S8. 

Properties. The compound is a dibasic acid, having 
pK values of 2-5 and 3-4 as determined by electro- 
metric titration. It gives no colour reactions with 
hydroxylamine-ferric chloride, nitroprusside or nin- 
hydrin. It is strongly dextrorotatory, [«];’= +282 
(c= 1-2, in water), as are the N,N’-dibenzylethylene- 
diamine salt, [«]j = +160° (c=1-0, in water) and 
the dimethylester, [a]; = + 218° (c= 1-4, in ethanol). 
It has no characteristic ultra-violet absorption in the 
pH range of 1-14. With mercuric chloride it gives a 
precipitate which, after decomposition with hydrogen 
sulphide, gives a product showing a positive reaction 
for sulphydryl groups with ferric chloride, but a 
negative ninhydrin reaction. The original compound 
reacts with iodine, taking up six equivalents of iodine 
per mole, and this reaction can be used for its quan- 
titative determination. 

Degradation. On heating with 1 N hydrochloric 
acid for 20 min. one mole of carbon dioxide is evolved. 
and a compound is obtained which, after crystalliza- 
tion from ethyl acetate, has a melting piont of 173 
175° C. (found: C, 44-64; H. 5-73; N, 13-22; S, 14-89 
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per cent; C,H,.O,N,.S8 requires: C, 44:43; H, 5-59; 
N, 12-95; S, 14°83 per cent). This compound is a 
monobasic acid (pA =3-4) giving no ninhydrin or 
sulphydryl reaction. It precipitates with mercuric 
chloride and reduces iodine. Its methyl ester, prepared 
by treatment with diazomethane, has a melting point 
of 130°C. after crystallization from carbon tetra- 
chloride-light petroleum (found: C, 47-22; H, 6-34; 
N, 12-31; S, 14:18 per cent; C,H,,O,N.S requires: 
C, 46-94; H, 6-13; N, 12-17; S, 13-92 per cent). 

On oxidation with sodium periodate or hydrogen 
peroxide or bromine water followed by hydrolysis 
(6 N hydrochloric acid, 7 hr. at 105° C.), the compound 
produces two ninhydrin-positive substances which 
were identified by paper electrophoresis and by paper 
chromatography (in eight solvents) as penicillaminic 
acid, (CH,),C(SO,H)CH(NH,)COOH, and _ glycine. 
Acid hydrolysis without previous oxidation gave a 
more complex mixture of degradation products. 

Structure. With the isolation of penicillamirtic acid, 
glycine and carbon dioxide, 8 of the 9 carbon atoms 
and 4 of the 5 oxygen atoms of the compound were 
accounted for, as well as their sequence; the four 
oxygen atoms form part of the two carboxylic 
groups revealed by electrometric titration. 

From this as well as chemical and physical proper- 
ties the most likely formula for the compound is that 
of the imidazolidone I (2,2-dimethyl-5-oxo-hexahydro- 
imidazo [5,1-b]-thiazolo-3,7-dicarboxylic acid), or 
its imidazoline tautometer II indicated below; that 


unaccounted-for carbon and oxygen forming the 
CO link between the two nitrogens. 
CH, CH, 
| | 
CH,—C CH—COOH CH,—-C——-CH—COOH 
| | | | 
S N ; N 
r% 
CH CO CH C—OH 
| | 
CH NH CH N 
COOH COOH 
(1) (II) 


Structure II is a penillic acid type of compound in 
which the penicillin side-chain residue is replaced by 
OH. 

This structure is confirmed by the fact that the 
dimethylester of the compound as well as the methyl 
ester of the decarboxylated compound have properties 
identical to those reported in the literature for 
products previously obtained by unequivocal syn- 
theses*:5 

During the course of this work it became clear that 
the compound described here was identical with the 
compound VI of Tardrew and Johnson*. 

Mode of formation. Synthesis of this compound 
was attempted by treating phosgene with 6-amino- 
penicillanic acid which had previously been incubated 
in alkaline solution to destroy the §-lactam ring. Best 
results were obtained by using aqueous bicarbonate 
solutions, and paper of samples 
taken both before and after the addition of phosgene 
revealed that a substance with the same mobility as 
the natural compound was formed immediately on 
6-amino-penicillanic acid in aqueous 
sodium High yields of the synthetic 
compound were obtained by passing a stream of 
carbon dioxide into a solution of 6-aminopenicillanic 
acid in potassium phosphate buffer, pH 7-0. The 
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N,N’-dibenzylethylenediamine salt prepared from 
the product of this reaction has properties identical 
with those of the salt of the naturally occurring 
compound (optical rotation, paper chromatographic 
mobility, melting point, infra-red spectrum). 

The reaction of 6-aminopenicillanice acid in bicarb- 
onate solution to yield a compound identical with 
that described in the present communication has 
independently been observed by Drs. Batchelor and 
Rolinson of Beecham Research Laboratories (per- 
sonal communication to E. B. Chain; see following 
communication). 

Thus, it appears that the compound is formed by 
carboxylation of the amino group of 6-amino- 
penicillanie acid followed by a penillic acid rearrange- 
ment. The rearrangement was hitherto only known 
to occur at acid pH. 

We wish to thank Drs. R. Falini and F. Ricci and 
the staff of the pilot plant for their invaluable help, 
and Drs. Margherita Marzadro and Lavinia Carta 
De Angeli for analytical determinations. 

The compound was isolated by Ballio, Chain, 
di Accadia, Mauri, Rauer and M. J. Schlesinger. The 
chemical investigations were carried out by Ballio, 
Chain, Schlesinger and 8. Schlesinger. 

A. BALuio 

E. B. Cuan 

F. DENTICE DI ACCADIA 
M. Mauri 

K. RAvUER* 

M. J. SCHLESINGER tf 
SONDRA SCHLESINGER{ 


International Centre for Chemical Microbiology, 
Istituto Superiore di Sanita, 
Rome. 
* Aided by a grant from the Chemische Fabrik Dr. R. Pfleger, 
Germany. 
t Post-doctoral Fellow of the U.S. National Science Foundation, 
t Post-doctoral Fellow of the U.S. National Foundation. 


* Ballio, A., Brandl, E., Chain, E. B., Dentice di Accadia, F., Navazio, 
F., and Rossi, C., Selected Sci. Papers Ist. Sup. Sanita, 2 (11), 314 
(1959). 

? Brandl, E., Carilli, A., and Chain, E. B., Selected Sci. Papers Ist. Sup. 
Sanita, 2 (II), 212 (1959). 

3 Jarvis, F. G., and Johnson, M. J., J. Amer. Chem. Soc., 69, 3010 (1947). 

* Bachmann, W. E., and Cronyn, M. W., The Chemistry of Penicillin 
891 (Princeton Univ. Press, 1949). 

* Cook, A. H., and Heilbron, I. M., The Chemistry of Penicillin, 949, 
970 (Princeton Univ. Press, 1949). 

* Tardrew, P. L., and Johnson, M. J., J. Biol. Chem., 234, 1850 (1959). 


Action of Carbon Dioxide on 6-Amino- 
penicillanic Acid 

THE nucleus of the penicillin molecule, 6-amino- 
penicillanic acid (I)', is in some respects more stable 
than most penicillins (II), being, for example, only 
slowly destroyed by mineral acids. It was therefore 
surprising to find that carbon dioxide, which is with- 
out effect on penicillins, readily attacked 6-amino- 
penicillanic acid to yield a product which could no 
longer be converted into penicillins by acylation. 
The effect was first observed when 6-aminopenicillanic 
acid was dissolved in water by neutralization with 
sodium bicarbonate, but a solution of sodium 6- 
aminopenicillanate in aqueous sodium bicarbonate 
was much more stable, indicating that the reaction 
required free carbon dioxide. When carbon dioxide was 
bubbled continuously through an aqueous solution 
of 6-aminopenicillanic acid at 37°C. and an initial 
pH of 7-0 the 6-aminopenicillanie acid content, 
determined by phenylacetylation followed by bio- 
logical assay, fell by 50 per cent every 3 hr. The 
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hydroxylamine assay* and the leucine equivalent as 
determined by ninhydrin fell at the same rate, 
indicating that both the 8-lactam ring and the amino- 
group were absent from the reaction product. 

For preparative purposes carbon dioxide was 
bubbled through a 2 per cent solution of 6-amino- 
penicillanic acid until more than 90 per cent had 
been destroyed, and the resulting solution was passed 
through a column of ‘Amberlite 7R/120°(H) to remove 
sodium ions and residual starting material. Freeze- 
drying then gave a strongly acidic white solid (70 
per cent yield) which was very soluble in water and 
polar solvents, but insoluble in non-polar solvents. 
Neither the acid nor its salts could be recrystallized ; 
but analysis of the amorphous material, which had 
no definite melting point, indicated that it was 
derived from 6-aminopenicillanic acid by the addi- 
tion of one molecule of carbon dioxide. (Found: 
C, 39-5; H, 4-7; N, 10-3; 8, 12-0. C,H,,0,N.S, 0-5H,O 
requires C, 40-1; H, 4-9; N, 10-4; 8, 11-9 per cent.) 

The substance appeared to contain a labile carboxyl 
group since one molecule of carbon dioxide was lost 
when the acid was: (a) treated at room temperature 
with mercuric chloride solution or (6) dissolved in 
water and boiled for 2-3 hours. The product from 
(b) was isolated in 84 per cent yield and crystallized 
from water in colourless rosettes, m.p. 175-176° C., 
of a monocarboxylic acid isomeric with 6-amino- 
penicillanic acid (found: C, 45-0; H, 5-9; N, 12-8; 
§, 14-9; C,H,,0O,N.8 requires C, 44-4; H, 5-6; N, 
13-0; S, 14-8 per cent). These properties suggested 
that the original carbon dioxide adduct was a di- 
carboxylic acid closely related to the penillic acids’, 
most probably 2,2-dimethyl-5-oxohexahydro-imidazo- 
[5,1-b]-thiazole-3,7-dicarboxylic acid (III; R=H). 

Methylation with diazomethane in the usual way 
confirmed this structure, giving 68 per cent of the 
ester (IIL; R=Me) which crystallized from water or 
ethyl acetate in needles, m.p. 166—-167° C., [a]? + 
220° (c= 0-5 in EtOH) (found: C, 46-0; H, 5-8; N, 9-4; 
8, 11-0; cale. for C,,H,,0;N.S: C, 45-8; H, 5-6; N, 9-7; 
8, 11-1 per cent). The decarboxylation product, 
2,2 - dimethyl - 5 -oxohexahydro-imidazo - [5,1 - b] - thi- 
azole-3-carboxylic acid (IV; R=H) was similarly 
converted in 90 per cent yield to the ester (IV; R = Me) 
which crystallized from water in needles, m.p. 
129-130° C. (found: C, 47-2; H, 6-4; N, 12-3; 8, 13-9; 
cale. for C,H,,0,N,S: C, 46-9; H, 6-1; N, 12-2; 8S, 13-9 
per cent). From their physical properties, these 
esters would appear to be identical both structurally 
and stereochemically with specimens previously 
prepared by synthesis from D-penicillamine methyl 
ester‘. 
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The facile formation of (III; R=H) from (I) in 
essentially neutral solution may involve formation 
of the carbamic acid (II; R=OH; ‘hydroxypenicillin’) 
followed by penillic rearrangement’, although the 
latter normally occurs only at low pH. Alternatively, 
there may be a concerted attack by the carbon 
dioxide molecule on both the amino group and the 
highly reactive cyclic amide functions. 

None of the derivatives described here exhibited 
antibacterial activity. 

We wish to thank Prof. E. B. Chain, for helpful 
discussions (see preceding communication). 

F. R. BATCHELOR 
D. GAZZARD 
J. H. C. NAYLER 


Beecham Research Laboratories, Ltd., 
Research Division, 
Brockham Park, 
Betchworth, Surrey. 
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5 Clarke, H. T., Johnson, J. R., and Robinson, R. (edit.), The Chemistry 
of Penicillin, 106 (Princeton Univ. Press, 1949). 

* Clarke, H. T., Johnson, J. R., and Robinson, R. (edit.), The Chemistry 
of Penicillin, 891, 970 (Princeton Univ. Press, 1949). 

* Clarke, H. T., Johnson, J. R., and Robinson, R. (edit.), The Chemistry 
of Penicillin, 445 (Princeton Univ. Press, 1949). 
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Extraction of Lipids from the Precursor 
of the Stylet-Sheath Material of a 
Pentatomid 


Ir has been reported! that the stylet-sheath material 
of the American milkweed bug, Oncopeltus fasciatus 
(Dall.), yields oily sudanophil droplets when warmed 
in chlorated nitric acid. In the three-lobed principal 
salivary glands, the contents of the anterior and 
lateral lobes have been identified as the precursors of 
the sheath material, and the contents of the lateral 
lebe show stronger sudanophilia than the contents 
of the other lobes?. On this evidence, it was suggested 
that lipid is present in the sheath material and is 
elaborated in the lateral lobe ; and on the basis of 
the reaction of Oncopeltus sheath material to the 
Liebermann-Burchardt test for sterols, it was 
concluded that a steroid might be present. The 
following concerns the presence of lipids in the sheath 
material and its precursor in the salivary glands of an 
Australian pentatomid, Eumecopus sp., which feeds 
on eucalypts. 

The sheath material of Humecopus also produced 
oily sudanophil droplets when warmed in chlorated 
nitric acid. The principal salivary gland is bilobed. 
The contents of the anterior lobe could be distin- 
guished from the contents of the posterior lobe and 
identified as the precursor of the sheath material by 
the immediate coagulation of the contents of the 
anterior lobe in water, physiological saline, and 
glycerol; the production of oily droplets when the 
contents of the anterior lobe were warmed in 
chlorated nitric acid; and the ability of toluidine 
blue to stain the contents of this lobe the same 
characteristic turquoise-blue colour as it did sheath 
material. The precursor could be collected in much 
larger quantities than the sheath material itself, and 
an attempt was made to extract lipids from the 
precursor with organic solvents. 

The contents of the anterior lobes of several glands 
were first gelled by immersing the glands in glycerol. 
When transferred to water the glands swelled, 
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from the coagulated masses of sheath precursor. 
These were removed from the glands, freed of 
adherent cellular material, washed thoroughly, and 
dried. About 5 mgm. were sealed in a capillary tube 
with about 15 ul. of a 4: 1 mixture of chloroform and 
methanol, and incubated at 60° C. for 18 hr. When 
the solvent was removed and evaporated, it was 
found that approximately 350 ugm. of a grease-like 
material had been extracted. Preliminary tests on 
smears of the grease either on slides or filter paper 
showed that the extracted material was strongly 
fluorescent; had a strong affinity for the sudan 
colorants for lipids; was coloured blue by nile blue 
sulphate, suggesting the presence of acidic lipids ; 
gave a positive test for amines with ninhydrin ; and 
yvave a positive result for ‘Lipine’ with Baker’s acid 
hematin test* and for phosphate with a modified 
Hanes—Isherwood reagent‘ in an atmosphere con- 
taining hydrogen sulphide. When run in a test-tube 
paper-chromatogram, using n-butanol/acetic acid 

water (4: 1 : 5) as solvent, fluorescent material was 
carried to the solvent front and gave a positive 
reaction with ninhydrin and MHanes—Isherwood 
reagent, while substances giving reactions with 
either or both reagents were left in the path of the 
solvent. With the Liebermann—Burchardt test, the 
urease gave a purple-brown colour which developed 
and faded slowly ; no positive reaction was obtained 
with other colour tests for unsaturated steroids’. 

These results suggested the presence of phospho- 
lipid and related compounds, and separation of the 
vrease into components was attempted by treating it 
with different solvents. These extracts were spotted 
on filter paper previously soaked in a large volume of 
chloroform—methanol, and further separation was 
attempted either py allowing another solvent to run 
past the spot by capillary ascent or by running test- 
tube paper-chromatograms. 

A water extract run in butanol/acetic acid/water 
vave a faint spot with ninhydrin about one-third the 
distance from the origin to the solvent front, and a 
blue ring with Hanes—Isherwood reagent just above 
the origin 

An acetone extract was further separated with 
benzene. The benzene-soluble fraction gave no 
reaction with ninhydrin or Hanes—Isherwood reagent. 
but took up sudan colorants and coloured blue with 
nile blue: it ran with the solvent front in butanol 
acetic acid/water and was probably fatty acid. The 
benzene-insoluble fraction gave at the most a brown 
colour with Hanes—Isherwood reagent. and was barely 
oloured by nile blue or the sudan colorants, but 
gyave a reaction with ninhydrin, even after repeated 
washings with water. 

A benzene extract of the original grease, when run 
in butanol/acetic acid/water, gave a large spot with 
ninhydrin near the solvent front and other faint 
spots along the path of the solvent ; a streak coincid- 
ing with ninhydrin-positive material near the solvent 
front gave a positive reaction with Hanes—Isherwood 
reagent and was coloured blue by nile blue. The 
material near the solvent front thus gave the reactions 
of a phospholipid. However, fluorescent material 
which remained at the origin and showed no reaction 
with ninhvdrin or Hanes—Isherwood reagent was 
coloured blue by nile blue and took up the sudan 
colorants, suggesting that a lipid other than phospho- 
lipid was also present. 

These experiments showed that lipid is present in 
the stvlet-sheath material of Eumecopus and in the 
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precursor elaborated in the anterior lobe of the 
salivary glands. The lipid extracted from the pre. 
cursor is partly phospholipid, but there was evidence 
of the presence of other lipid substances. However, 
in contrast to the reaction of the sheath material 
of another plant-bug, Oncopeltus fasciatus, to the 
Liebermann—Burchardt test, the reaction of Eumecopus 
sheath material was negative ; and no specific steroid 
reactions were obtained in the grease extracted from 
the precursor. 
P. W. MILEs 


Waite Agricultural Research Institute. 
University of Adelaide, 
Adelaide, South Australia. 
* Miles, P. W., J. Insect Physiol., 4, 209 (1960). 
* Miles, P. W., J. Insect Physiol., 4, 217 (1960). 
* Baker, J. R., Quart. J. Micro. Sci., 87, 441 (1946). 
‘Amelung, D., and Béhm, P., Hoppe-Seyl. Z., 298, 199 (1954). 


’ Fieser, L. F.. The Chemistry of Natural Products related to Phe». 
anthrene (Reinhold Pub. Corp., New York, 1957). 


A Selective Toxin produced by Periconia 

circinata 

Toxins with species and varietal specificity have 
often been postulated, but so far only one such 
substance has been isolated from a plant pathogen’, 
Helminthosporium victoriae, causal agent of a blight 
of certain oat cultivars, produces an extremely 
powerful exotoxin which has the same specificity 
for plants as does the fungus itself. Thus, the 
Helminthosporium blight is a valuable model for 
study of the biochemistry of disease. However, 
there are difficulties; most strains of the fungus 
give low yields of toxin in vitro, and the compound 
is very unstable*. Isclation of other selective toxins 
might overcome such difficulties and should indicate 
whether or not specific toxins are commonly involved 
in plant diseases. A second selective toxin which 
shows promise for further study has now been found. 

The fungus Periconia circinata is the causal agent 
of the ‘milo disease’ of certain cultivars of Sorghum 
vulgare var. subglabrescens (grain sorghum or milo). 
Other sorghum cultivars are highly resistant. Leukel® 
first identified the causal agent and gave 
evidence that a toxin affecting only susceptible 
plants might be involved in disease development. 
This imteresting possibility was not investigated 
further. 

P. circinata was isolated from a sample of Kansas 
soil supplied by Mr. W. D. Stegmeier of the Kansas 
Agricultural Experiment Station. The fungus was 
grown at approximately 25° C. in a modified Fries 
No. 3 basal medium’, supplemented with 0-1 per 
cent Difco yeast extract. Filtrates were collected 
from cultures of various ages and tested for selective 
toxic action against seedlings of Periconia-resistant 
and susceptible sorghums. The seedling assay was 
patterned after that used for the Helminthosporium 
toxin®. Seeds were germinated at 24° C. for 24 hr. 
between sheets of moist filter paper. Serial dilutions 
of filtrates were made and 5 ml. of each dilution was 
placed in a 60 x 15 mm. Petri dish with five germin- 
ated The assay end-point was determ- 
ined after 48 hr. as the maximum dilution which 
prevented roots from growing more than 1 ecm. 
long. Control seedlings in water had roots 5 cm. 
or more in length at 48 hr. Positive assays were 
obtained from culture filtrates, when Periconia- 
susceptible sorghum seedlings were used as the test 
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object. The highest assay end-point obtained was 
at a dilution of 1: 3,200. Culture filtrates did not 
damage seedlings of Periconia-resistant sorghum. 
even when diluted only 1:10. The peak of toxin 
content was reached in about twenty-one days in 
resting culture, whether the fungus was grown in 
small Erlenmeyer flasks or in large Blake-type 
bottles, containing 500 ml. of medium. Most cultures 
grown on a shaker failed to produce toxin. 

Filtrates were tested for toxicity against cuttings 
of Periconia-resistant and susceptible sorghum plants. 
The basal ends of cut shoots were placed in filtrates 
at dilutions from 1: 50 to 1: 800 and kept at room 
temperature under artificial light. In all cases the 
susceptible cuttings were dead and shrivelled within 
48 hr.. while the resistant cuttings were unaffected 
and were comparable to controls placed in water. 
Symptoms of affected cuttings were similar to those 
of inoculated plants in the greenhouse. 

Selectivity of culture filtrates was tested further 
against seedlings of several sorghum cultivars and 
non-host plants. The following Periconia-resistant 
sorghums were tried and were not affected by 
the filtrate: Westland, SA-7078, Colby (Periconia- 
resistant selection), Feterita, Texas Blackhull Kafir. 
Double Dwarf Yeliow Milo 38, Atlas Sorgo, and 
Double Dwirf White Sooner Milo. The susceptible 
sorghums used, which were all equally sensitive to 
the filtrate, were Colby, Western Blackhull X Day 
481004, and Double Dwarf Yellow Milo. Filtrates 
were tested against the following non-host plants: 
rve, barley, wheat, oats (Clinton and Park), radish, 
tomato. crimson clover, carrot, cabbage (Wisconsin 
jallhead and Ferry’s Hollander), and the fern 
Onoclea sensibilis. There was no indication of toxicity 
to any of these. Various bacterial and fungal con- 
taminants also were observed growing in toxin- 
containing solutions from time to time. 

Toxin production apparently was correlated with 
pathogenicity and virulence of the fungus. A total 
of thirty-two Periconia isolates was taken from the 
soil sample. Eight isolates were pathogenic and 
produced toxin, while the others we1e non-pathogenic 
and did not produce toxin in culture. Four of the 
pathogenic isolates produced much less toxin in 
culture than did the other four. Preliminary inocu- 
lation experiments gave some indication that the 
low-toxin producers were less virulent as well. 

Some chemical characteristics of the toxin were 
determined. The toxic activity of culture filtrates 
passed freely through dialysis membranes, indicating 
that the toxin has a relatively low molecular weight. 
Like the wildfire toxin‘ and the Helminthosporium 
toxin®, the Periconia toxin was readily inactivated 
in alkaline solution, but was stable at acid reactions. 
Preliminary work indicated that the Periconia 
toxin is more stable than the Helminthosporium 
toxin, since activity was not lost in slightly alkaline 
solution nor after evaporation of solutions to dryness. 
These advantages have made it relatively simple to 
concentrate the material some one-hundredfold and 
to examine its chemical characteristics. Like the 
Helminthosporium toxin. the Periconia toxin appears 
to be polypeptide in nature. However. the chemical 
properties of the twc toxins are distinctly different 
as would be expected since there is no biological 
cross-reactivity between them. The chemical nature 
and mode of action of this toxin will be investigated 
further. 

Sorghum seeds were kindly supplied by Mr. W. D. 
Stegmeier of the Kansas Agricultural Experiment 
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Station, Garden City. and by Dr. D. G. Smeltzer of 
the University of California, Davis. 

This investigation was carried out during the 
tenure of a special fellowship to the senior author 
from the National Institute of Allergy and Infectious 
Diseases, United States Public Health Service. 


R. P. SCHEFFER 
R. B. PRINGLE 


Rockefeller Institute. 
New York 21. 

‘Braun, A. C.. and Pringle, R. B., in Plant Patholog: 
and Progress 1908-1958, edit. by Holton, C. s., 
Wisconsin Press. Madison, 1959). 

* Pringle, R. B., and Braun, A. C., Phytopathology, 47, 369 (i957 

* Leukel, R. W., J. Agric. Research, 77, 201 (1948). 

‘ Woolley, D. W., Pringle, R. B., and Braun, A. C., J. Biol. Ch 
197, 409 (1952). 
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Formation of Phenethy! Alcohol and 
Tyrosol during Fermentation of a 
Synthetic Medium lacking Amino-acids 
THE fusel oils. or the higher alcohols produced 
during fermentation, play an important part in the 
bouquet of wine and the flavour of beer’. Since the 
classical studies of Ehrlich it has been thought that 
they are produced by degradation of amino-acids. 
and this point of view has gained considerable support 
trom the recent work of SentheShanmuganathan?, 
Nevertheless, Castor and Guymon‘ have pointed out 
that the concentration of the appropriate amino- 
acids in grape must is insufficient to explain the level 
of fusel oils found in the wine, and when Genevois 
et al.» found that 1-'*C-sodium acetate is incorporated 
into 3-methylbutanol during fermentation they 
suggested that the bulk of fusel oil is produced from 
this or similar intermediates. In considering the 
formation of fusel oil during beer production it has 
been pointed out that although the amount of the 
various amino-acids present in wort and metabolized 
during fermentation is sufficient to account for the 
higher alcohols formed by the Ehrlich pathway. 
this is probably not the only route to these com- 

pounds!. 

Harold et al.* considered that phenethyl alcohol 
was a key compound for distinguishing between the 
Ehrlich pathway and that proposed by Genevois, and 
as they could not verify their earlier identification of 
this alcohol in beer they favoured the latter mech- 
anism. The presence of phenethyl alcohol in beer. 
however, has now been well established’’’ and it was 
again suggested that although the level of 8-phenyl- 
alanine present in wort was sufficient to explain the 
level of this alcohol found in beer, it seemed likely 
that yeast could produce this alcohol from other 
metabolites*. It is now shown that during fermenta- 
tion of a synthetic medium lacking amino-acids. 
yeast produces, in addition to 2-methylpropanol and 
2- and 3-methylbutanol previously recognized, both 
phenethyl alcohol and the non-volatile alcohol. 
tyrosol, although the corresponding amino-acids. 
valine, leucine, 8-phenylalanine and tyrosine, could 
not be detected in the final medium. 

Eighteen litres of the synthetic medium FRA? 
were fermented at 25° using Saccharomyces carls- 
bergensis (N.C.T.C. 396). After 11 days, 84 per cent 
of the glucose but only 9 per cent of the total nitrogen 
had been assimilated. The majority of the un- 
assimilated nitrogen was still in a simple form since 
the same amount of ammonia was found by distilling 
an aliquot portion with aikali directly as was found 
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after digestion with concentrated sulphuric acid. 


Two litres of the fermented medium, however, were 


concentrated by ion-exchange chromatography on 
‘Amberlite JR-120° and the fraction eluted with 
ammonia was desalted, and examined by two- 


dimensional chromatography". Only very faint spots 
glutamic acid, alanine and 

--amino-butyric acid(?) were revealed with ninhydrin 
while no evidence for valine, leucine, phenylalanine 
or tyrosine could be seen. 

The fermented medium, which contained 1-0 per 
cent v/v of ethanol and 30 mgm./l. of fusel oil as 
estimated colorimetrically'!, was distilled and the 
first 25 per cent of the distillate was collected and 
extracted continuously with a mixture of ether and 
light petroleum (b.p. 30-40°) (1:1) for seven days. 
The extract was dried (potassium carbonate) and the 
solvent removed through a column of Dixon 
gauze spirals from a water-bath at 50°. The resulting 
extract (151 mgm *xamined by gas chromato- 
graphy on dinonyl phthalate at 78° when peaks 
with retention times corresponding to n-propanol 
(trace) 2-methylpropanol (16 per cent), and 2- and 
3-methylbutanol (not separated on this stationary 
phase) (84 per cent) were observed. The figures in 
parenthesis correspond to the percentage of the total 
peak areas. Further examination of this volatile 
fraction by gas chromatography on ‘Apiezon M”’ at 
170° revealel the presence of a peak with retention 
time identical with that of phenethyl alcohol. By 
use of an internal standard it was calculated that the 
original concentration of this aleohol in the fermented 
medium was 1-5 mgm./l1. 

The residue from the distillation was concentrated 
to low bulk and extracted with ethanol (3 times). 
The ethanol solution was evaporated, the residue 
dissolved in water and the solution continuously 
extracted by means of ether. When the extract so 
obtained was examined by paper chromatography 
in three solvent systems: (1) butanol/acetic acid 
water (4:1:1); (2) ethanol/2 N ammonia (9:1); (3) 10 
per cent aqueous acetic acid, the major component 
had the same Rp value as authentic tyrosol and gave 
the colorimetric reactions with diazotized 
sulphanilic acid, diazotized p-nitroaniline and a- 
nitroso-$-naphthol. Only in the last solvent system 
is tyrosol separated from tryptophanol. On these 
chromatograms diazotized sulphanilic acid revealed a 
very pale yellow spot with the same Rp as trypto- 
phanol in the fermented medium extract, but it failed 
to give the characteristic colour change in presence 
of p-dimethylaminobenzaldehyde. 

These observations cannot exclude the possibility 
that the higher aleohols secreted into the medium 
arise from amino-acids synthesized within the cell. 
This, however, seems unlikely as the corresponding 
keto-acids are intermediates common to amino-acid 
synthesis and the first stage of degradation via the 
Ehrlich pathway. It is suggested, therefore, that the 
higher alcohols are by-products of amino-acid and 
protein synthesis and that the two schemes of 
Ehrlich and Genevois are not in contradiction but the 
two extremes of a common mechanism. Thus it is 
visualized that yeast will assimilate intact amino- 
acids if available!?; but if the balance is disturbed it 
will synthesize the required carbon skeleton, or keto- 
acid, and deaminate any surplus amino-acid to get 
the necessary nitrogen. The deaminated amino-acid 
and any surplus keto-acid intermediate will then 
be decarboxylated, reduced and secreted into the 
medium". 
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My thanks are due to Dr. A. H. Cook for his interest 
and encouragement during this work. 
R. STEVENs 
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Ultra-Violet Absorption Spectra of 
Proteins in Deuterium Oxide 


TAKASHIMA! recently reported that when dissolved 
in deuterium oxide (D,O) several proteins exhibited 
a new absorption band at about 265 muy, in addition 
to the well-known absorption bands due to aromatic 
amino-acid residues?. The additional band was also 
found in a solution of clupein in deuterium oxide; 
this protein contains no aromatic amino-acid residues, 
and when pure shows no significant absorption in 
aqueous solution at wave-lengths longer than 250 mu. 
The 265 mu band was also found in deuterium oxide 
solutions of six of ten amino-acids examined. 

Attempts were made here to confirm the appearance 
of a new electronic absorption band in deuterium 
oxide as solvent. Lysozyme, human serum albumin 
and ovalbumin were examined in 90 per cent (approx. 
deuterium oxide, hemoglobin in 95 per cent (approx.) 
deuterium oxide, and clupein, insulin, histidine and 
glycine in 99-8 per cent deuterium oxide. In some 
eases identical dilutions of a suitable aqueous stock 
solution were prepared in water and in deuterium 
oxide and examined side by side; in other experiments 
the proteins or amino-acids were dissolved directly 
in deuterium oxide. The solutions were examined 
with manual and recording spectrophotometers and 
the positions of the fine-structure bands were located 
by the moving-plate spectrographic method’. Differ- 
ence spectra of protein solutions of equal concentra- 
tion in water and in deuterium oxide were also determ- 
ined on the recording spectrophotometer. In all 
these experiments no trace of a new absorption band 
at 265 my was observed in the solutions in deuterium 
oxide, and their spectra did not differ in any sig- 
nificant respect from those of the same solutes in 
aqueous solution. For hemoglobin the absorption 
bands due to the hem groups were also identical, 
within experimental error, in water and deuterium 
oxide. The sample of clupein used was slightly con- 
taminated with nuclear material, giving a broad 
absorption band (Amax. ¢. 265 mu) of moderate in- 
tensity when examined at a concentration of about 
10 mgm./ml.; this band was present at the same 
intensity in both solvents. 

The results were communicated to Dr. Takashima 
and he was able to show that his original findings 
were erroneous, because of absorbing impurities in 
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the sample of deuterium oxide used. In subsequent 
observations On amino-acids with saturated side- 
chains dissolved in pure deuterium oxide, he found 
selective absorption in the 260-300 mu region, which 
was later found to be due to the presence of aromatic 


impurities, probably tyrosine, in the amino-acid 
samples. 
In view of the agreement which has now been 


demonstrated between the present observations and 
Dr. Takashima’s subsequent findings, it may be 
concluded that the use of deuterium oxide as a solvent 
does not in fact result in the appearance of new 
bands in the ultra-violet absorption spectra of amino- 
acids and proteins. 

G. H. 
ELIZABETH 


RBEAVEN 
BAILEY 


Medical Research Council Laboratories, 
Hampstead, 
London, N.W.3. 
Takashima, S., Nature, 187, 597 (1960). 
Beaven, +. Sees Holiday, E. R., in Advances in Protein Chemistry, 
4, 019 (idoc) 


Holiday, E. R., J. Sci. Instr., 14, 166 (1937). 


Passive Transfer of Contact Sensitivity 
to Picry! Chloride in Guinea Pigs, with 
Subcellular Material 
Tue possibility of passively transferring delayed 
hypersensitivity in the guinea pig with viable cells 
from lymph node, spleen and peritoneal exudate 
was shown by the work of Landsteciner and Chase’. 
Since then, a number of workers have tried to identify 
some subcellular material responsible for the transfer. 
Jeter, Tremaine and Seebohm®? described the passive 
transfer of contact sensitivity to 2: 4-dinitrochloro- 
benzene with sonically disrupted peritoneal exudate 
cells, but 
lymphoid cells abolished their capacity to transfer 

contact sensitivity to 2: 4-dinitrofiuorobenzene. 

The following experiments describe the successful 
passive transfer with disrupted cells of contact 
sensitivity to picryl chloride in guinea pigs and the 
partial separation of the components responsible. 

Guinea pigs of the Hartley strain were actively 
sensitized with picrylated guinea pig red cell stromata 
in Freund’s adjuvant, containing tubercle bacilli, 
followed three weeks later by successive skin paint- 
ings with 4 per cent picryl chloride in absolute 
alcohol, a technique based on that described by 
Chase*. The donors were killed within two weeks 
of the last skin sensitization. Spleen and lymph 
node cell suspensions were prepared as deseribed 
inref. 5. Cells were disrupted by freezing and thawing 
seven times in the presence of deoxyribonuclease’, 
or sonically disrupted for 5 min. at 25 ke./see. Homo- 
genates were prepared in a Potter—Elvehjem-type 
homogenizer for 3 min. at 3,000 rev./min. in chilled 
buffered sucrose medium®* from chopped lymph nodes 
and spleen cell suspension free from red celJs*. Cell sap 
and microsome fractions were prepared from tirsue 
homogenized in the sucrose medium and centrifuged 
at 5,000q. The supernatant was centrifuged in a 


model L Spinco ultracentrifuge at 100,000g for 2 hr., 
and the pellet re-suspended in the sucrose medium. 

Cell sap was fractionated by chromatography on 
N,N-dicthylaminoethyl cellulose (DEAE cellulose), 
by the technique in ref. 8, but using stepwise elution. 
The DEAE cellulose was buffered to pH 7:4 and 
suspended in 0-01 M sodium chloride. 


The cell sap 
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Eisen® observed that sonic disruption of 
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was diluted to the equivalent of ‘0-01 ./ sodium 
chloride before being put on the column. The light 
absorption of the effluent was examined at 260 and 
280 mu with a Unicam spectrophotometer. The 
cffluent was collected in 10-ml. fractions and three 
consecutive fractions were pooled for injection into 
one animal. 

Materials were administered intravenously except 
for the microsome fractions and the eluate from 
chromatographic fractionation of the cell sap, which 
were injected intraperitoneally. All recipients were 
skin-tested with 1 per cent picryl chloride in olive 
oil immediately after transfusion, and were examined 
24-48 hr. later. Reactions were graded according to 
Chase*: + + + +, pink usually very slightly elevated ; 
+++, pink, but either somewhat pale or macular; 
++,pale pink: +, faint pink; , many faint pink 
small spots. 


PRANSFER OF PICRYL CHLORIDE HYPER- 
AND DISRUPTED CELLS 


lable 1. COMPARISON OF THI 


SENSITIVITY BY LIVE CELLS 


(a) Disrupted by freezing and thawing 
No. of cells Live cells Disrupted cells 
1-4 x 10° + + + + 
72 x 10° +++ + + 
6 10° + 
5-6 10° + + + 4. 
6-7 10° +++ + + 

Supernatant after centrifuging at 5,000g 
84 x 10° + 
1-2 10° 4 
1-2 10° + 
l 10° + 

(b) Sonically disrupted 
No. of cells Live cells Disrupted cells 
1-5 10° ++ + + 
9-0 x 10° ++ 
6-5 10° + 4 
5-0 10° + + 4 i 
5-2 x 10° +++ + 
Centrifuged at 5,000g 

No. of cells Pellet Supernate 
271 10° - + 4 
2-4 10° 
18 x 10° + + 
1°25 x 10° + + 


All reactions read 24—48 hr. after transfer. 


Table 2. TRANSFER OF PICRYL CHLORIDE HYPERSENSITIVITY WITH 
CELLS DISRUPTED BY HOMOGENIZATION. COMPARISON OF ACTIVITY 
IN CELL SAP AND MICROSOME FRACTIONS 
Cell sap Microsomes 

+ + + + — 
+ ++ + +2 
+ + + + + 
All samples from lymph nodes and spleens of two donors. All 


reactions read 24-48 hr. after transfer. 

A comparison of the transfer of contact sensitivity 
by live cells and cells disrupted by freezing and 
thawing or sonically disrupted is shown in Table 1. 
There marked fall in the activity of the 
preparation on disruption. Nevertheless, considerable 
activity remained in the supernatant after centri- 
fugation at 5,000g. In the case of sonically disrupted 
cells, the 5,000g supernatant contained almost all 
the activity. On fractionation of the supernatant, 
after homogenization in sucrose medium, by centri- 
fugation at 100,000 g, activity was found in both the 
cell sap and microsome fractions (Table 2). The 
activity of the cell sap survived dialysis overnight 
at 4° C. Preliminary experiments have shown that 
the active material in the cell sap can be partially 
separated by chromatography, being retarded on 
DEAE cellulose at 0-01 7 sodium chloride, whereas 
most of the protein (as judged by the absorbance 
ratio 260/280 mu) is completely retained at this 
ionic strength. 
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PHYSIOLOGY 


Inhibition by Physostigmine of the 
Increase of Oxygen Consumption induced 
by Potassium in Muscle 


[HE immersion of frog muscle in Ringer solution, 
with a high potassium content. is known to cause a 
decrease in the resting potential of the fibres accom- 
panied by a large increase in oxygen consumpticn 
and heat production of long duration; no mechanical 
change of muscle is observed in these conditions. A 


Hill 


suggested 


possible cause of this effect was discussed by 
and Howarth', and a hypothesis was 
according to which the depolarization produced by 
potassium releases the catabolic processes normally 
accompanying contraction of muscle. Nevertheless, 
the whole mechanism is still very obscure. 

he experiments to be reported here suggest that 
some special energy-consuming system, different from 
the main energy-producing metabolic pathways, is 
involved in the process. The experiments were carried 
out on sartorius muscles of the frog Rana temporaria 
during February—April. The muscles were used within 
30 min. after dissection. Oxygen consumption was 
measured at a temperature of 22° C. in a Fenn 
respirometer. Fig. 1 shows that the increase of 
oxygen consumption in 18 m.W potassium Ringer is 
practically completely inhibited by the addition 
of 106-* M physostigmine. This inhibition is not 
caused by blocking the energy-producing metabolic 
system (respiration or glycolysis), because subsequent 
addition of 3 x 10-° M 2,4-dinitrophenol to the 


same experimental vessel increases the oxygen 
consumption again to the same high level as is 


observed with muscles not treated with physostig- 
mine. 

Beeause physostigmine inhibits cholinesterases in 
concentrations of about 10-* .W, different lower 
concentrations of physostigmine were tested (Table 
1). The concentration of 10-° M was still effective, 
but to obtain a pronounced effect it was necessary 
to soak the muscle for 90 min. in 10-° MW physostig- 
mine before adding 18 mM potassium Ringer solution. 
This we believe to be due to the slow penetration of 
physostigmine into the muscle cells. The concen- 
trations inhibiting the potassium effect are distinctly 
higher than those required for inhibition of cholin- 
esterase in homogenates; however, the conditions in 
intact cells and in homogenate need not be strictly 
comparable. 

Fenn? has reported that sucrose in isotonic con- 
centration causes an increase of oxygen consumption 


similar to that produced by 18 mW potassium, 
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Fig. 1. Influence of 18 mM potassium Ringer solution, 10-* Y 

physostigmine and 3 x 10-° M 2,4-dinitrophenol on the oxygen 

consumption of frog’s sartorius muscle measured successively in 

the same experiment. The first part of the graph gives the resting 
value in normal Ringer 


0 20 30 


but we have found that. unlike the increase induced 
by potassium, this increase is not inhibited by 
physostigmine (Table 1). The results suggest that 
these two processes are due to different mechanisms, 

Physostigmine is known to be a potent inhibitor 
of both cholinesterase and  pseudocholinesterase; 
however, with respect to the well-known role of ' 
cholinesterase in various excitation processes, it 
may be assumed that the inhibitory effect of physo- 
stigmine is due to its action on true cholinesterase 
It is suggested that the acetylcholine cycle proposed 
by Nachmansohn® for regulation of the permeability 
of nerve membrane may be activated by high external 
concentration of potassium. The cyclic splitting and 
re-synthesis of acetylcholine might be the energy- 
consuming process which brings about the increase 
of metabolism. 

The possibility that the high rate of metabolism. 
due to application of potassium, may be associated 
with active transport of ions was rejected by Hill 
and Howarth!. In agreement with their view, we have 
found that this metabolic increase is not influenced 
by ouabain in concentrations inhibiting active trans- 
port. The findings of Van der Kloot‘ that physostig- 
mine influences the exchange of ions in frog muscle is 
not necessarily in conflict with our results, because 
the effects reported in his paper could be due to the 
change of permeability. It appears improbable that 
a high concentration of potassium ions acts by 
uncoupling the oxidative phosphorylation’, because 
the muscle after inhibition by physostigmine is still 
normally sensitive to 2,4-dinitrophenol. 

Table 1. EFFECT OF DIFFERENT SUBSTANCES ON THE OXYGEN CON- 


SUMPTION OF THE FROG’S SARTORIUS MUSCLE. DURATION OF EVERY 
EXPERIMENT WAS 30 MIN. 


No. of Oxygen 
Treatment experi- consumption 
ments (l./hr./gm.) 
Normal Ringer solution 6 86+ 19 
Ringer with 18 mM potassium 6 437+ & 
+ 10-* M physo- 
stigmine 6 112+ 31 
+ 10-* M physo- 
stigmine 6 226 + 75 
+ 10-* M physo- 
stigmine 3 441 + 134 
Ringer with 18 mM potassium + 10-* M physo- 
stigmine + 3 x 10-° M 2,4-dinitrophenol 7 483 + 136 
Isotonic sucrose 5 456 + 108 
Isotonic sucrose + 10-* M physostigmine 6 127 + 110 
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The possibility cannot be neglected. however, that 
physostigmine may act as membrane stabilizer®. 
decreasing the sensitivity of the membrane to the 
depolarizing action of potassium. 

We are indebted to Dr. V. Kubista for helpful 
advice and discussion during this work. 

Ivan Novotny 
FRANTISEK VyYSKOCIL 
Zoological Institute, 
Charles University, 
Prague 2 
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Biochim. 


Response of the Labellar Hairs of 
the Blowfly, Phormia regina Meigen, to 
Protein 

STRANGWAYS-Drxon! has shown that the blowfly 
Calliphora has a eyclic preference for protein. Fe- 
males ingest relatively more protein than carbohy- 
drate during the early stages of egg growth, but 
relatively more carbohydrate during yolk formation. 
They will not reproduce without a protein diet*. 

Receptors responsive to protein have not yet heen 
described. The work presented here was done with 
another blowfly, Phormia regina Meigen, and shows 
that the chemosensory hairs of the labellum can act 
as protein receptors. Electro-physiological studies 
were made on the hairs by recording from the 
tip in the manner of Hodgson, Lettvin and Roeder‘, 
and by side-wall recording‘. 

There are at least three sizes of chemosensory hairs 
on the labellum : large hairs situated peripherally, 
intermediate hairs inside these and very small hairs 
situated centrally and between the other hairs. 
There may be a further size of hair slightly larger 
than the small hairs. Most workers appear to have 
studied the large peripheral hairs. 

When stimulated with hemoglobin solution 
6 gm. in 100 ml. water) or brain-heart infusion 
(10 gm. in 100 ml. water), the large hairs give records 
in which two sizes of spike are present (see Fig. 1A). 
Hemoglobin typically causes the large spike to 
fire at a frequency of 1—5/sec., whereas the small 
spike fires at 8-13/see. Both fire somewhat irregularly. 
There is some indication that the large spike becomes 
adapted more quickly than the small spike. Most of 
the large hairs respond in this fashion, but some at 
least of the intermediate hairs give a response in 
which only the smaller spike fires. On the other hand, 
some of the small hairs give a response in which 
only the larger spike is firing. It cannot yet be said 
whether all the intermediate and small hairs give these 
distinctive responses. 

Male Phormia have a largely carbohydrate diet. 
However, electrically their labellar hairs appear 
to respond identically to those of females towards 
protein solutions. The virtual absence of a behavi- 
oural response to protein must be due not to a differ- 
ence in the peripheral mechanism but to a different 
central interpretation of afferent input. 

Thus, two nerve fibres seem to be stimulated by 
protein solutions. The fibre giving the smaller spike 
has the characteristics—(1) longer time course 





and (2) greater variability of height of spike when 
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A. Tip recording from a large labellar hair stimulated 
A small and a large spike are present. 
B, Side-wall recording from a large 

Time base, 
labellar hair 
stimulated by a mixture of 50 per cent 0-1 M sucrose and 50 per 


Fig. 1. 
by hemoglobin solution. 
(Tracing of original record.) 
labellar hair stimulated by 1 M fructose solution. 
200 msec. (, Side-wall recording from a_ large 


The pointer indicates the possible 


cent hemoglobin solution. 
period of another, 


firing of one large spike in the refractory 
Time base, 200 msec. 


of the fibre which is now 
fires 


recording from the tip 
known to be responsive only to water’. It 
together with the fibre responsive to salts (L fibre) 
when weak solutions of salt stimulate the hair and it 
fires together with the fibre responsive to sugar 
(S fibre) when solutions of sugar stimulate the hair 
(see Fig. 1B). In fact, when a mixture of weak salt 
and sugar solutions stimulates the hair, spikes of 
three sizes are usually detectable in tip records. 
These may only become apparent on statistical 
analysis, as in Fig. 2. The three sizes of spike repre- 
sent the L, S and W (ater) fibres. 

Experiments are in progress to determine whether 
the large spike firing to protein solutions is one of the 
four nerve fibres known to be present in the chemo- 
sensory hairs or a further one. Dethier® showed that 
two fibres. the L and the S, ascend the shaft of the 
hair, and a mechanoreceptor fibre terminates some- 
where in the socket region. Larsen (personal com- 
munication) has since shown that a third fibre ascends 
the shaft and this is presumably the W _ fibre. 
Since protein produces an acceptance response, 
it is unlikely that the protein stimulates the L 
fibre which mediates behavioural rejection. Side- 
wall recording when stimulating with a mixture 
of 50 per cent haemoglobin and 50 per cent 0-1 M 
sucrose gives records which, though difficult to 
interpret, may indicate that protein has a fibre 
specific to itself and separate from the S fibre. With 
side-wall recording, the sizes of spikes are (for the 


30 


| 
| 





Spike height (mm.) 
Fig. 2. Histogram showing the frequency distribution of size of 
spikes obtained from records where a large labellar hair was stimu- 
lated with a mixture of 50 per cent 0-1 M sodium chloride and 
50 per cent 0-1 M sucrose solution. The largest spike is the L 


the smallest the W fibre and the middle spike the S fibre 


fibre, Hb I 
(Tip recording) 
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ZL and S spikes) often identical. In Fig. 1C the occur- 
rence of firing by one fibre in or very close to the 
refractory period of another indicates that three 
spikes may be present. One of these spikes must be 
the S fibre, another the W fibre, and if a third is 
present it must be responding specifically to the 
protein. This evidence is tentative, but it is significant 
that J. R. Larsen (personal communication) has 
histological evidence of some hairs with four fibres 
ascending the shaft. These could be the L, S, W 
and a protein fibre. 

This work was supported by a NATO Department 
of Scientific and Industrial research fellowship and 
grant 6-6015 from the National Science Foundation. 

D. I. WALLIS 

Department of Zoology, 

University of Pennsylvania. 
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Changes in the Membrane during Recurrent 
Disinhibition of Spinal Motoneurons 

Ir has been proposed on the basis of pharmaco- 
logical evidence that recurrent facilitation of spina | 
motoneurones in the cat is actually a removal of 
background inhibition, that is, a disinhibition'. The 
results of initial intracellular investigation have been 
consistent with this hypothesis*. It is the purpose 
of this communication present direct evidence 
which lends strong support to the disinhibition 
hypothesis. 

All experiments have been performed on cats the 
spinal cord of which had been transected at the 
atlanto-occipital membrane. The carotid arteries 
were tied, the vertebral arteries clamped, and the 
preparation was immobilized by intravenous injec- 
tions of ‘Flaxedil’ (gallamine triethiodide, American 
Cyanamid Co.). The experimental arrangement has 
been described previously*. Intracellular recording 
was by means of glass micropipettes filled with 
2-7 M potassium chloride or 2 M potassium citrate. 
By utilizing a bridge circuit similar to that used by 
Frank and Fuortes*, it was possible to use the same 
micro-electrode for recording from and for passing 
current through the cell. 

As a result of a recurrent facilitatory volley, a 
small depolarization (recurrent facilitatory potential) 
frequently develops in a conditioned motoneurone?. 
Such a recurrent facilitatory potential could be due 
to either of two events. First, it could be due to 
an excitatory such that which pro- 
duces the usual excitatory post-synaptic potential. 
Second, it could be due to removal of inhibition. 
If background inhibitory activity is one of the factors 
determining the level of resting potential, which in 
the motoneurone is less negative than is the inhibitory 
equilibrium potential’, then any decrease in the 
background inhibitory activity would appear as a 
depolarization. A clear-cut distinction between an 
excitatory depolarization, accompanied by an increase 
in conductance, and a depolarization due to removal 
of inhibition and accompanied by a decrease in con- 
ductance, can be drawn by changing the level of 
membrane potential. An excitatory post-synaptic 
potential (EPSP) would be decreased by depolariza- 
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tion, while its amplitude usually would not be changed 
significantly by hyperpolarization’®. A differen; 
situation would prevail with a disinhibitory depolari. 
zation. Decreasing the membrane potential would 
move it further from inhibitory equilibrium, and 
increase both the effect of background inhibition 
on the membrane potential’ and the subsequent 
recurrent facilitatory potential. Hyperpolarization 
would cause an opposite effect. Moving the membrang 
potential closer to the inhibitory equilibrium would 
decrease the effect of background inhibition on the 
membrane potential’ and the recurrent facilitatory 
potential. If the membrane potential is shifted to 
the other side of inhibitory equilibrium, background 
inhibition will cause depolarization of the cell and 
release from inhibition will cause hyperpolarization; 
that is, the recurrent facilitatory potential will be 
reversed. Precisely such a reversal has been obtained 
in the present experiments. 
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Fig. 1. Effect of hyperpolarizing pulses on recurrent facilitatory 


potential. The potentials shown in this figure were traced from 

a number of single frames. Conditioning stimulus delivered at 

artefact. A, Recurrent facilitatory potential alone; #, accom- 

panied by hyperpolarizing pulse; C, hyperpolarizing pulse alone. 
Voltage calibration, 10 mV.; time, 10 msec. 


Fig. 1 shows the effect of hyperpolarizing pulses 
on the recurrent facilitatory potential recorded with 
a 13-megohm potassium chloride electrode in a deep 
peroneal motoneurone. Superimposed tracings of 
control recurrent facilitatory potentials are shown 
in Fig. 1A. Such controls were interspersed among 
other frames, illustrated in Fig. 1B, which show the 
effect of pulses of hyperpolarizing current 100 msec. in 
duration and 1-2 x 10-° amp. in magnitude on the 
recurrent facilitatory potential (the latter has been 
delayed sufficiently so as not to fall on that part of the 
base-line distorted by the bridge transient). It is 
clear that the polarity of the recurrent facilitatory 
potential has been reversed. Fig 1C is a control 
which shows that aside from the bridge transient the 
base-line, with the current pulse on but conditioning 
stimulus off, is quite flat. 

Similar results have been obtained in a quadriceps 
cell in which the recurrent facilitatory potential was 
reversed by a current pulse which also reversed 4 
recurrent inhibitory post-synaptic potential (IPSP). 
In several other cells, both quadriceps and deep peron- 
eal, electrode polarization negated attempts to reverse 
the recurrent facilitatory potential. However, even 
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No. 4791 
inder such conditions the recurrent facilitatory 
potential was consistently decreased by hyperpolariz- 
ing pulses or increased by depolarizing pulses. 

These results are inconsistent with the possibility 
that the recurrent facilitatory potential is produced 
by a mechanism similar to that which produces the 
excitatory post-synaptic potential, and completely in 
accord with the hypothesis that the recurrent facilita- 
tory potential is produced by removal of inhibition. 
This direct evidence of the nature of the membrane 
changes confirms the interpretation of the previous 
pharmacological" and intracellular? experiments. 
Disinhibition, therefore, must considered 
mechanism which contributes, under physiological 
conditions. to the integrative action of the central 
nervous system. Parenthetically, these results 
demonstrate that in the spinal cat both extensor and 
flexor motoneurones of hind limb muscles are under 
the influence of tonic inhibitory activity. 
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Stimulation of the Heart of the Spinal 
Dog by Phenoxybenzamine 


ANTISYMPATHOMIMETIC drugs have been shown to 
nterfere with the inactivation of the sympathetic 
transmitter substance. Brown and Gillespie reported 
that the amount of noradrenaline appearing in the 
splenic venous blood following sympathetic stimula- 
tion at frequencies below 30/sec. is increased by 
phenoxybenzamine or dibenamine. and these authors 
concluded that the mechanism for the destruction of 
noradrenaline at the nerve endings is linked to the 
receptor for this substance and can 
be inactivated with them!. Brown. 
Davies and Gillespie found that 
large amounts of noradrenaline 
appear in the venous blood from 
both colon and small intestine if 
the sympathetic nerves were stimul- 
ated following the administration of 
phenoxybenzamine*. Millar e¢ al. 
showed that phenoxybenzamine en- 
hances the rise in plasma noradren- 
aline during hemorrhagic hypo- 
tension in adrenalectomized dogs*. 
Benfey et al. found that the urinary 
excretion noradrenaline follow- 
ing ganglionic stimulation by acety]- 
choline is increased by phenoxy- 
benzamine*. Hukovie showed 
that phenoxybenzamine augments . 
the response to stimulation of the 
atrium of the heart isolated with 20 
its sympathetic nerves®. Benfey ef Fig. 1. 
al. reported that phenoxybenzamine 
elevates the urinary recovery of 
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infused noradrenaline®. Martin et al. found that 
chlorpromazine can enhance and prolong the vaso- 
constrictor and chronotropic actions of adrenaline and 
noradrenaline’. 

It appears that antisvmpathomimetie drugs can 
also release the sympathetic transmitter substance. 
In the present experiments dogs in pentobarbitone 
anesthesia were subjected to a cord transection 
between C, and C, and to a bilateral vagotomy. 
The contractile force of the exposed heart was re- 
corded by a Cushny myocardiograph, the blood 
pressure was measured from the carotid artery, and 
artificial respiration was given. Fig. 1 shows that the 
intravenous injection of 10 mgm./kgm. of phenoxy- 
benzamine (dibenzyline hydrochloride, Smith, Kline 
and French) briefly depressed and then increased the 
force of contraction of the heart. The increase in 
contractility was associated with a rise in heart-rate 
(from 120 to 180/min.), and there was a small hyper- 
tensive effect. 50 min. later. when the heart-rate had 
dropped slightly, the intravenous injection of 0-5 
mgm./kgm. of reserpine (‘Serpasil’, Ciba) increased the 
heart-rate further (from 170 to 230/min.). The 
ganglion-blocking drug pentolinium was originally 
used in repeated doses of 2-5 mgm./kgm. to counteract 
an excessive rise in blood pressure that was observed 
during the manipulation of the spinal cord. In the 
absence of pentolinium the results were similar, but 
phenoxybenzamine stimulated cardiac contractility 
immediately and the chronotropic effect was some- 
what greater. 

Since it has been found before that 
phenoxybenzamine has hypertensive and _ positive 
inotropic and chronotropic actions following ganglion- 
blocking drugs or atropine even in dogs injected with 
20 mgm./kgm. of phenoxybenzamine the day before, 
but not in animals given reserpine or guanethidine 
24 hr. earlier’, it is concluded that the drug releases 
has also been 


in anzsthesia 


catecholamines in small amounts. It 
reported earlier that phenoxybenzamine increases the 
plasma concentration and urinary excretion of adren- 
aline and noradrenaline which is associated with a 
fall in blood pressure*:*. However. no in the 
urinary Output of the catecholamines was detected 
when ganglion-blocking drugs or vasopressin elimin- 
ated a reflex activation of sympathetic fibres by 
hypotension*:*. Chlorpromazine has recently been 
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shown to have hypertensive and positive chronotropic 
actions in the spinal vagotomized cat’. 

It is suggested that the antisympathomimetic 
effect (adrenergic blockade) involves both an impaired 
inactivation and a release of the sympathetic trans- 
mitter substance. 

This work was supported by a grant from the 
National Research Council of Canada. 
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HAEMATOLOGY 


Large Lymphocytes and the 
Simonsen Phenomenon 


WHEN blood cells from an adult fowl are inoculated 
on the chorioallantoic membrane of the 12-day-chick 
embryo, easily visible opaque foci are produced!:?. 
This reaction is thought to be similar to the induction 
of splenomegaly following intravenous inoculation 
of adult fowl blood into the chick embryo*. The cells 
in blood responsible for this latter action have been 
found to be the lymphocytes*. Fowls are typical of 
the avian family in having a high proportion of 
circulating large lymphocytes, usually about 10 per 
cent, and, as autoradiographic investigations®:* have 
shown that large lymphocytes and not small can 
synthesize deoxyribonucleic acid and proliferate, an 
investigation was made to determine the type of 
lymphocyte responsible for the induction of lesions on 
the chorioallantoic membrane. Blood from a group 
of 25 random fowls was titrated on the chorioallantoic 
membrane, the number of small and of large lympho- 
cytes in the inoculated blood having been determined. 
A highly significant correlation (0-1 per cent in 
Student’s ¢ test) of the number of large lymphocytes 
in the inoculum with the median focal count was 
demonstrated. The correlation of small lymphocytes 
with the focal count was not significant (> 5 per 
cent). In repeated titrations of individual fowls, 
the focal count was also shown to depend on the 
number of large lymphocytes in the inoculum and to 
be quite independent of the number of small lympho- 
cytes. 

Quantitative determinations of the number of large 
lymphocytes required to produce foci were carried out. 
This was found to be dependent on the number of 
cells inoculated. Over the average range of inoculum 
used, about 2,000 large lymphocytes were required 
to produce one focus. As the inoculum was progres- 
sively diluted, more large lymphocytes seemed to be 
able to produce foci, and as few as 40 were shown to 
be capable of this action. 

As the large lymphocytes were now satisfactorily 
identified as the competent cells in this phenomenon, 


NATURE 


L. 191 


° 


August 26, 1961 \ 


the competence of large lymphocytes from othe 
organs was studied, namely spleen and thymus 
Thymic large lymphocytes were shown to be virtually 
incompetent in the production of foci, the small 
number of foci being easily accounted for by a 
2 per cent contamination with blood large lympho. 
cytes, in accordance with Terasaki’s results‘. The 
relative competence of the large lymphocytes of 
blood and spleen was assessed by : (1) direct titration 
on the chorioallantoic membrane; (2) the number 
of cells required to produce a maximal increase in 
spleen weight after intravenous inoculation ; (3) by 
passaging cell suspensions of these enlarged embryonic 
spleens on to further chorioallantoic membranes, 
and establishing the number of passage cells required 
to produce foci. By all three criteria, the large 
lymphocytes from spleen were demonstrated to have 
about 20 per cent the competence of the large lym. 
phocytes in blood. 

This work was supported by research grants from 
the National Health and Medical Research Council, 
Canberra, and we are grateful to Sir Macfarlane 
Burnet for helpful discussions during the course of 
the investigations. 
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Influence of Serum Factors on the 
Species-specificity of Tissue Thrombo- 


plastin ) 


It is well recognized that a difference in species 
may influence the time of clotting of recalcified 
plasma in the presence of tissue extract. Using 
Quick’s one-stage procedure, tissue extract will 
give a shorter clotting-time with homologous plasma 
than with plasma from a different vertebrate. Mann 
and Hurn' demonstrated that the specificity of a 
tissue extract could be eliminated by incubating it 
with a small amount of homologous serum in the 
presence of calcium ions before adding the hetero- 
logous test plasma. At this time, factor VII (cothrom- 
boplastin, S.P.C.A., proconvertin) and factor IX 
(Christmas factor, P.T.C.) were the only clotting 
factors known to be present in serum, and as factor 
IX plays no part in the conversion of prothrombin to 
thrombin by tissue thromboplastin, Mann and 
Hurn concluded that the species-specificity was 
eliminated by the presence of homologous factor 
Vil. 

It is now recognized that normal mammalian 
serum contains another factor which plays a part in 
the activation of prothrombin, namely, factor X 
(Stuart Prower factor). The experiments of Mann 
and Hurn have been extended in the light of this 
knowledge in order to determine whether the so-called 
‘cothromboplastin effect’ is due to factor VII alone. 
or whether factor X also influences the reaction. 

The tests were carried out in plasma from the 
South African clawed toad, Xenopus laevis, using 


hur 
obts 
in 2 
heat 
dors 
prot 
hea 
pun 
dro] 
3-8 
bloc 
solu 
mak 
H 
met 
a si 
nor 
into 
of n 
syri 
tain 
min 
CL, 
and 
bloc 
stor 
Sert 
pati 
VII 
pati 
fron 
dror 
cont 
fact 
by t 
of E 
A 
For 
bate 
0-02 
was 
the 
Tab 


Table 


Thr 


m Othe 
thymus 
Virtually 
he small 
or by a 
lympho. 
st. The 
cytes of 
titration 
number 
rease in 

(3) by 
ibryonie 
nbranes, 
required 
ie large! 
to have 


ge lym. 


ts from 
ouncil, 
-farlane 
urse of 


RG 
RNER 


(1961 
957). 


d, 15, 82 


o- 


aa 


species 
Icified 
Using 

will 
lasma 
Mann 

of a 
ing it 
n the 
atero- 
hrom- 
r IX 
»tting 
‘actor 
yin to 

and 

was 
actor 


alian 
rt in 
r X 
fann 
this 
alled 
lone. 
tion. 
the 
ISIN 


—~ 


XUM 


no.a7o1 August 26, 1961 


human brain thromboplastin. Toad plasma was 
obtained from animals anesthetized by immersion 
in 2 per cent urethane solution for 10-15 min. The 
heart was exposed and, holding the animal in a 
dorso-ventral position, the ventricle was caused to 
protrude by pressure on the dorsal surface behind the 
head. The pericardium was removed and the ventricle 
punctured with a sharp blade, allowing the blood to 
drop into a graduated polythene tube contaiming 
3:8 per cent trisodium citrate. Nine volumes of 
blood were collected into one volume of citrate 
solution. The blood from six toads was pooled to 
make a single specimen. 

Human brain thromboplastin was prepared by the 
method of Hjort?. The dilution was adjusted to give 
a satisfactory one-stage thromboplastin time with 
normal human plasma. Human blood was collected 
into 3-8 per cent trisodium citrate in the proportion 
of nine volumes of blood to one of citrate, a siliconed 
syringe being used. Platelet-poor plasma was ob- 
tained from citrated blood by centrifuging for 20 
min. in an International clinical centrifuge, model 
CL, with a 7 in. head. Serum free from prothrombin 
and thrombin was prepared by incubating clotted 
blood for 5 hr. at 37° C. in a glass container, and was 
stored after separation at — 20° C. for up to one week. 
Serum free from factor VII was obtained from a 
patient with a pure congenital deficiency in factor 
VII. Serum free from factor X was obtained from a 
patient with a pure deficiency in factor X. Serum 
from a patient under treatment with phenylindane- 
drone (phenindione, B.P.) was also tested; this 
contained 1 per cent of factor VII and 3 per cent of 
factor X. In all the above sera factor VII was assayed 
by the method of Dische* and factor X by the method 
of Bachmann e¢ al.*. 

All sera were diluted 1 in 10 with normal saline. 
For the test 0-2 ml. brain thromboplastin was incu- 
bated at 37° C. with 0-1 ml. diluted serum and 0-2 ml. 
0-025 M calcium chloride for 3 min. A stop-watch 
was started on the addition of 0-2 ml. of plasma, and 
the clotting-time recorded. The results are shown in 


Table 1. 


Table 1. EFrect OF DILUTE HOMOLOGOUS SERA ON THE REACTIVITY 
OF THROMBOPLASTIN AND PLASMA 
Thrombeplastin Reagent added Plasma Clotting time 
(sec.) 
Human Saline Human 12°5 
Toad 61 
Normal human serum Human 12-5 
lin 10 Toad 13 
Factor VII deficient human Toad 25 
serum 1 in 10 
Factor X deficient human Toad 29 
serum 1 in 10 
Phenindione serum 1 in 10 Toad 58 


These results indicated that the species-specificity 
of tissue thromboplastin is dependent on the presence 
of both factor VII and factor X. 

This report was included in a thesis accepted by the 
University of London for an M.Sc. degree. We wish 
to thank Dr. Harold Anstall for his advice. 

CHRISTINE HAWKEY 
Blood Bank, 
Massachusetts General Hospital, 
Boston. 
J. L. StTaFrrorD 
St. George’s Hospital, 
Hyde Park Corner, London, S.W.1. 


*Mann, F, D., and Hurn, M. M., Proc. Soc. Exp. Biol. and Med., 79, 
19 (1952). 

* Hjort, P., Scand. J. Clin. Lab. Invest., 9, suppl. 27 (1957). 

* Dische, F., Brit, J. Haemat., 4, 201 (1958). 

‘Bachmann, F., Duckert, M., and Koller, F., Thromb. et Diath. Ham., 
2, 24 (1958). 
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PATHOLOGY 


Induction of Cancer in Suckled and 
Unsuckled Female Rats 


SPONTANEOUS mammary carcinomas are a very 
rare event in female Sprague—Dawley rats', but this 
type of tumour can be produced easily and rapidly 
by repeated administration of 3-methylcholanthrene 
(3-MC) given by stomach tube*. The neoplasias are 
more easily produced in young than in old rats and 
regress under appropriate hormonal modifications. 
Ovariectomy, hypophysectomy and critical amounts 
of cestrogens and gonadotropins are effective means 
of inhibiting neoplastic proliferations?*. Tumours 
of this kind are known as hormone-dependent. The 
hormonal conditions during pregnancy are of great 
significance in growth of tumour. It has been shown 
that rat mammary tumours appear more rapidly 
when 3-MC feeding is followed by pregnancy and the 
incidence of mammary cancers is reduced if the carci- 
nogen is given during pregnancy. No induction of 
tumours is observed by giving 3-MC during lacta- 
tion’:>. Also, in mice the influence of pregnancy and 
lactation on 3-MC induction of mammary tumour 
has been stressed’*. 

The following experiment has been aimed to de- 
termine whether a previous life-history of different 
events (for example, pregnancy, lactation) modifies 
the subsequent susceptibility of rat mammary tissue 
to 3-MC tumour induction. 

3-MC, 10 mgm. in | c.c. sesame oil, was admini- 
stered by gastric tube 6 days a week for 50 days to 
female Sprague-Dawley rats. Two groups of rats, 
intact and ovariectomized, received the first admini- 
stration at 50 days of age. Three other groups, 
which underwent treatment at age 310-320 days, 
were (a) virgin females, (b) females which had 
previously reared four litters, (c) females which had 
previously been four times pregnant but never 
suckled. Breeding had begun at 80 days; henceforth, 
matings occurred two weeks after weaning of the 
litters at 21 days. Lactating mothers nursed a total 
of 20-30 young each. Non-lactating mothers rested 
about 35 days before being mated again. Breeding 
was completed before treatment with 3-MC began. 
Diet (18 per cent protein ration plus tap water ad 
libitum) and environmental conditions were alike 
for all animals during the experiments. The rats 
were inspected daily for palpable tumours and 
observed for 120 days from the last administration 
of 3-MC. Histological sections were stained with 
hzematoxylin—eosin. 

3-MC, 10 mgm., given by mouth six times weekly 
for 50 days to intact 50-day-old rats invariably 


CONDITIONS ON 


INFLUENCE OF DIFFERENT HORMONAL 
AND OLD 


TumMoUR BY 3-MC IN YOUNG 
FEMALE RATS 


Table 1. 
INDUCTION OF MAMMARY 




















Rats Tumour appearance 
| No. | Toxic with (days) 
Category of | deaths | tumours|— |————___|—__—__—- 
| rats Range | Median | Mean 
Young virgin} 8 | — | 98/8 | 48-72) 51 52-83 
females +3-50t 
Young ovari- | 11 4 | 5/7 | 53-96 56 70-40 
| ectomized* +9°50 
Old virgin | 
females 8 3 | «3/5 42-79 - | — | 
| Suckled | | | 
| mothers 8 2 | 2/6 48-71; — — 
| Unsuckled | 
mother t e I 8 0/1 j;— — - 





* Ovariectomized at age 42 days ft Standard error. 











go° 
elicited multiple mammary tumours (Table 1). 
Also it produced no toxic deaths. Unsuckled 


mothers, subjected to the same treatment, died before 
tumours could be palpated. Suckled mothers tolerated 
the carcinogen fairly well and two of six developed 
tumours. Young, ovariectomized and old, virgin rats 
had similar mortality-rates. Three rats out of five 
tumours in intact old females 
tumours was variable, the time 
for appearance of tumours after 3-MC treatment 
showed no variation. The only exception was 
registered for ovariectomized rats, in which induction 


survivors showed 


While 


incidence of 


of tumours was delayed. 
Histologically, all observed tumours 
The only variant was 


were recog- 


nizable as adenocarcinomas. 


observed in the castrated females, the tumours of 
which exhibited a sclerotic and cystic appearance. 
Gland atrophy with occasional proliferating areas 
featured in the mammary tissue of old rats. The 


mammary glands of young intact and ovariectomized 
rats displayed epithelial proliferations and atrophy. 
respectively. 

The experiment described shows that intolerance 
to 3-MC affects ovariectomized young and unmated 
old females, while surprisingly. the carcinogen was 
lethal to all the except one. 
Despite the high mortality, the results suggest that 
the breast of rats which lactated and that of unbred 
old rats is less susceptible to 3-MC mammary cancer 
induction than that of voung or ovariecto- 
mized Age different in the past 
reproductive activity of female rats have no influence 
on the rate of tumour appearance after 3-MC treat- 
ment. It seems that mammary epithelium (though 
atrophic) of old retains different reacting 
capacity to a carcinogenic stimulus (3-MC) in relation 
to its previous functional activity. 


unsuckled mothers. 


unbred 


rats. or events 


rats 


GIULIANO BRIZIARELLI 
Vister Research Laboratories. 
Casatenovo, Como, Italy. 
’ Huggins, C., Grand, L. C., and Brilliantes, F. P.. Nature, 189. 204 
(1961). 
* Huggins, C., Briziarelli, G., and Sutton, H., J. Exp. Med., 100, 25 
(1959) 
Huggins, C., and Briziarelli, G.. U.S. Nat. Acad. Sei., An Meeting 
1] (1959), 
* Dao, T. I und Sunderland, H., J. Nat. Cancer Ivst..23, 567 (1959). 
Dao, T. L., Bock, F. G., and Greiner, M. J J. Nat. Cancer Inst 
25. 991 1O60). 
*Marchant, J Vature, 182, 629 (1959), 


Amino-Acid Composition of Serum 
Mucoprotein in Rheumatic Fever 


INTEREST in serum mucoprotein tyrosine levels as 


one of the most sensitive, albeit non-specific, gauges 
of the disease process in cases of rheumatic fever 
suggested the possibility that there might be differ 
ences in the amino-acid composition of the serum 


mucoprotem at a when serum-levels were sig- 
nificantly elevated. 


Mucoproteins from five 


time 


eases of active rheumatic 
fever whose mean si rum mucoprotein tyrosine level 


was 14-6 (11-9-16-L) mgm./100 ml. and from three nor- 


mal children of comparable age and with normal 
serum mucoprotein tyrosine levels of 3-9 (3-2-4-3) 
mem./l00 ml. were separated from other serum 


proteins by their solubility in 1-2 M perchloric acid. 
After precipitation with 5 per cent phosphotungstic 
acid the mucoprotein with ethanol, 
dissolved in a minimum of 0-1 N sodium hydroxide, 


was washed 
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and finally hydrolysed in vacuo in 6 N hydrochloric 
acid for 22 hr. at 110° C. 

Analysis of the acid hydrolysate for amino-acids 
was carried out on a Beckman/Spinco continuous 
flow column chromatography apparatus using 150-cm 
and 50-em. columns with standard buffers and tem. 
peratures. The mean of the analyses for norma 
people and for the rheumatic fever cases are shown 
in Table 1. To facilitate comparison the results ar 
expressed as moles/mole of alanine. 


Table 1 
Normal Rheumatic fever 
(moles/mole of alanine) (moles, mole of alanine 
Aspartic acid 1-46 1-66 
Threonine 1-09 1-25 
Serine 0-66 0-82 
Glutamic acid 2-07 2-20 
Proline 1-00 O-87 
Glycine 0-91 0-94 
Alanine 1-00 1-00 
Valine 0-87 O-s4 
Methionine 0-16 0-14 
isoLeucine 0-62 0-71 
Leucine 1:23 1-34 
ryrosine 0-57 0-66 
Phenylalanine 0-72 0-76 
Lysine 1-19 1-15 
Histidine 0-35 0-35 
Ammonia 3-98 3-32 
Arginine 0-57 0-63 


Values for tryptophan, glucosamine, and cystine 
are affected by acid hydrolysis and are not given. The 
figures suggest no difference in amino-acid composition 


between serum mucoproteins in health and during’ 


acute rheumatic fever. 
D. O'BRIEN 
C. H. M. Wacker 
D. WALKER 


Department of Pediatrics. 
University of Colorado Medical Center, 
4200 East Ninth Avenue, 
Denver 20. 


Effect of Calf Thymus Histone on Rats 
bearing Transplantable Acute Myeloid 
Leukemia 

THE bactericidal activity and the cytotoxic effect 
of basic proteins, protamines and histones have been 
investigated by different However. 
cytostatic effect of histones on tumour cells ¢” viro 
and attention. Do histones 
possess a specific growth regulatory activity as Was 
suggested by Zbarskii'. are they gene inhibitors as 
Stedman has outlined in his theory®, or is the inhib 
tory action of histones on tumours due only to their 


workers. the 


in rivo* dese rves more 


high toxicity in the experimented animals ? 

According to recent work', histones and protamines 
as very basic proteins are incorporated rapidly int 
the cells in vitro. The presence of such positivel 
charged proteins within the cells produces changes in 
their structure and metabolism, with the resulting 
destruction of the treated cells. 

In an effort to estimate the cytostatic effect o 
histones, rats bearing acute myeloid leukzmia® wer 
treated with calf thymus histone prepared according 
to the method described by Butler e¢ al.’. 

The acute mveloid leukemia was transplanted int 
adult 150-gm. albino rats by intravenous injection 
of the homogenate from leukemic rat liver, which was 
heavily infiltrated with leukzemic leucocytes. Histone 
was administered in 5 per cent solution in physio- 
The first 


logical saline in 500 mgm./kgm. doses. 
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‘injection of histone was intraperitoneal and the 
subsequent ones, if any, were placed in the dorsal 
subeutis. Three experimental and one control group 
of rats were used. 

In the first group the animals were injected | hr. 
before transplantation of leukemia. In the second 
group, histone was injected 3 hr. after transplantation 
and then on the third and fifth day. The third group 
was treated with histone on the second and fourth 
dav following transplantation. 

All animals in the control group were injected with 
1-5 ml. of physiological saline 3 hr. after transplan- 
tation, and then on each alternate day following the 
transplantation. 

Sections of liver and spleen of all animals which 
died during the experiment were examined histo- 
logically for the presence of leukemic infiltrates 
ising the method of direct imprints. 


Table 1 
No. of Animals died : 
Group injected due to toxicity Animals died No. of 
No. animals of histone of leukemia — survivors 
I 10 ] 9 0 
II 15 2 11 2 
Ill 20 1 14 2 
Controls 10 0 6 4 


The toxicity of calf thymus histone in rats depends 
on the manner of administration. Thus the LD,» was 
50 mgm./kgm. for intravenous, 700 mgm./kgm. for 
intraperitoneal and 1,500 mgm./kgm. for subcutaneous 
dorsal subeutis) administration. Therefore for better 
tolerance all injections following the first intraperi- 
toneal one were subcutaneous. 

It follows from the results in Table 1 that the calf 
thymus histone has no cytostatic effect on rats bear- 
ing acute transplantable leukemia. On the other 
hand, probably as a result of toxicity. the average 
survival of all animals treated with histone was less 
than 30-40 per cent of controls and of transplan- 
tation experiments’. Luspomm Hwyiica* 
VikToR HOLOUBEKt 
Cancer Research Institute. 

Bratislava, Czechoslovakia. 

* Present address: Chester Beatty Research Institute, Institute for 

Cancer Research, Royal Cancer Hospital, Fulham Road, London, 


S.W.3 

+ Present address: Virus Laboratory, University of California, 

Berkeley, California, U.S.A. 

Becker, F. F., and Green, H., Exp. Cell Res., 19, 361 (1960). 

*Sandritter, W., Fischer, H., Siissenberger, K., and Schiemer,. H. G., 
Exp. Cell Res., 17, 197 (1959). 

Stedman, E., Stedman, E., and Pettigrew, F., Biochem. J., 38, xxxi 
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‘Zbarskii, I. B.. and Perevozhchikova, K. A., 
Med, (U.S.S.R.), 38, 61 (1944). 

*Stedman, E., and Stedman, E., Nature, 166, 780 (1950); 
Roy. Soc., B, 235, 565 (1951). 

*Hlavayova, E., Neoplasma, 4, 10 (1957). 

"Butler, J. A. V., Davison, P. F., James, D. W. F., 
K. V., Biochim. Biophys. Acta, 18, 224 (1954). 
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IMMUNOLOGY 


A Relation between the Reactivity of 
Human Red Cells to Antiglobulin Tests 
and their Surface Structure 


SEVERAL authors! have suggested that changes 
in the immunological reactivity of a cell may be 
correlated with changes in its surface structure. 
We present evidence here that human red cells 
giving a positive antiglobulin reaction show changes 
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Surface of (a) hamolysed norma Jerythrocyte; (6) surface 
of hemolysed sensitized erythrocyte from same blood sampk 
(x 40,000) 


Fig. 1. 


in their surfaces demonstrable with the electron 
microscope. 

Rh(D) positive human red cells of types A, B 
and O were obtained from normal persons and non- 
cancer patients, and from cancer patients. 

Red cells from normal persons were washed three 
times in saline and incubated with incomplete anti-D 
serum for 1} hr. at 37°C. Non-sensitized controls 
were obtained by incubating cells with serum from 
group AB persons. All cells were then re-washed 
three times and made up to 30 per cent suspensions 
in saline, and tested for sensitization by the addition 
of appropriate dilutions of rabbit anti-human- 
globulin serum. 

Intact hemoglobin-free red-cell membranes were 
prepared by the gradual hemolysis method previousl, 
described?, mounted on carbon-filmed grids, shadowed 
with chromium and examined with an RCA EMU-2C 
electron microscope. 

Almost all the non-sensitized cells from normal 
persons were found to have the typical structure. 
with plaques of diameter 200-500 A. (mean diameters 
350-400 A.) (Fig. la). After sensitization. the plaque 
diameters were much larger (500-800 A.). Of 25 sets 
of cells from normal persons examined before sensiti- 
zation, only 2 had a mean plaque diameter greater 
than 500 A. ; after sensitization, 16 of the 25 samples 
had plaques of diameter 500-800 A. (Fig. 1b). In 
58 per cent of the specimens from cancer patients. 
the plaques were of similar size whereas only 30 per 
cent of non-cancer patients showed plaques in this 
range. When the results were compared with those 
of the antiglobulin test, they indicated, in any event 
in the cancer group, a strong correlation between a 
positive test and abnormal plaque size. 

It appears, thereiore, that either natural or experi- 
mental modification of the red cell surface. so that 
cells give a positive antiglobulin test, is associated 
with enlargement of the surface plaques. 

We have recently found that ghosts of red cells 
can be sensitized to give a positive antiglobulin test ; 


Table 1 


No. of cell samples with: 


Cell sz 8 Totals 
: a Average plaque Total 
+ A - diameter 
Antiglobulin test High Normal 
Non-cancer Weak positive 7 2 9 
patients Negative 6 28 34 
Total 13 30 43 
Cancer Weak positive 25 2 27 
patients Negative 6 20 26 
Total 31 22 53 
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such cells show 
sensitized before hemolysis. 


The facts that changes in the surface of red cells of 


more than half the cancer patients tested could be 
detected by electron microscopy, and that the change 
is readily induced by sensitization with incomplete 
antibody, that many such cases have a 
similar type of antibody on their red cells. This 
would confirm our previous results* showing that 
anti-globulin tests on the red cells of cancer patients 
were significantly more often positive, albeit weakly. 
than in non-cancer patients and very much more so 
than in healthy people. 


suggest 


JupiraH E. Davis 
H. N. GREEN 
PAMELA W. Tym™Ms 


Department of Experimental Pathology 
and Cancer Research, 
University of Leeds. 
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HISTOCHEMISTRY 


Pigment Bodies of the Spinal Neurones 
of Some Teleosts 


P1GMENT bodies have been observed in the 
untreated living spinal neurones of the frog Rana 
tigrina’ and some reptiles’. As I could demonstrate 
corresponding pigment bodies in the spmal neurones 
of some teleosts, these bodies must no doubt be 
considered to be of more general importance. The 
species investigated in this connexion were Nannosto- 
mus beckfordi, Phenacogrammus interruptus, Coryno- 
poma ritsei, Otocinclus vestitus, Chriopeops goodei, 
Phalloceros caudimaculatus, Nanochromis nudiceps 
and Ctenopoma kingsleyi. 

The spinal neurones were studied in the living 
condition under the phase-contrast microscope and 
with basic dyes used super vitam. In this way the 
pigment bodies presented themselves as discrete, 
dirty-yellow to dark-brown bodies. The pigment, a 
refractile, pale yellow substance, appeared to be 
confined to certain duplex lipid bodies only. As in 
reptiles*, this was not seen in any of the fixed pre- 
parations. The living neurones of the teleosts may 
reveal in addition a diffused pigment in the cytoplasm, 
like that of Rana tigrina', and the water snakes’. 
The general coloration of the ganglia in these teleosts 
and reptiles? was not pale yellow, in spite of the 
pigment in the neurones, unlike that in Rana tigrina'. 
As in reptiles*, the pigment bodies in the teleostean 
neurones were distributed at random, although they 
tended occasionally to aggregate. In general, these 
bodies consisted of spheroids, sub-spheroids and 
particulates with irregular contours varying in 
diameter, approximately 1-4u. Some of these bodies 
displayed variously distorted binary structures. 
The cells, which abounded in these pigment bodies, 
rarely contained lipid particulates. 

The formaldehyde-calcium (gelatin and Helly- 
Zenker-Bouin) paraffin sections of the ganglia, 
stained with ethanolic sudan black B*, revealed some 
pigment bodies fairly coloured, while other bodies 
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in the same site were only partly positive. Wit 
chrome alum hematoxylin the pigment bodies give g Deh 
strong positive reaction, with periodic acid—Schig 


and methyl green/pyronin G a faint red coloration, ; 


oxid 


while the reaction to sudan IV was almost negatiy; 

The plasmal reaction of these bodies appeared to } ™ w 

negative and the performic acid—Schiff reaction gaye °*?” 

erratic results. The fat solvents, ether, chloroform! enzy 

cold ethanol, cold and hot acetone and hot pyridine chat 

appeared to be resisted by such bodies. The reactioy = 
tha 


to most of the dyes was negative. A few of them wer 1 


found to segregate neutral red super vitam and . 
coloured somewhat red. A negative result was of . 
obtained with Lison’s test for carotenoids tried op - 
gelatin sections of formaldehyde-calcium! fixed pas 


material. Moreover, the other tests for carotenoids, 
(formic acid, hydrochloric acid, sulphuric acid, the 
trichloroacetic acid and Carr—Price reaction), when ™ rs 
applied to the living ganglia, reacted negatively with = 
the pigment bodies. As in reptiles*, on the strength - 
of these results these pigment bodies must probably o1 
be considered as lipofuscins. Moreover, accumulations ade 
of brownish-black pigment bodies, defying all the — 
histochemical reactions mentioned here, were observed —_ 
in the surroundings of the entire ganglion. this 
According to Sharma? and correctly in my opinion, a 


these pigment bodies are not the secretory products I 
from the classical Golgi apparatus as claimed by . 


Moussa and Banhawy*, since one has not found = 
any such apparatus or even a remotely comparable eel 
structure either in the living or in the processed ~ 
young neurones. Identical views are held by ) toh 
Thomas’, Baker*, Nath* and Malhotra’. On the ~ 
other hand, the pigment bodies appear to have = 
originated as a result of total or partial oxidation of = 
some of the lipid bodies. Cohn® also advocated the | we 
participation of lipids in the synthesis of pigment. 
The significance of this oxidation resulting in the _ 
pigment accumulation is unknown. es 
The pale yellow, refractile pigment, which was "T 
demonstrated in the cores of certain duplex lipid le: 
bodies (vide supra) originated in all probability within ) pos 
the interna of the lipid particulates or Golgi bodies pore 
of Hirsch in much the same way as described by aa 
Baker’, Lacy, Hirsch and Kanwar®. In the neurones 
of Iphita limbata (Hemiptera) a neurosecretory 
product occurs, which Nayar'® considers as lipo- 
fuscins. At this stage it is unknown whether or not 
the pigment bodies of reptiles* and teleosts could be 
correlated with the neuro-secretory product of Iphita } 
limbata”®. In any event it is certain that these 
products bear a close histochemical relationship, 
inasmuch as both contain lipofuscins. 
A. STOLK { 
Histology Laboratory, 
Free University, F 
Amsterdam. ’ 
‘Gupta, B. L., and Sharma, S. P., Res. Bull. Panj. Univ., 10, 267 
(1959). 
*Sharma, S. P., Res. Bull. Panj. Univ. (N.S.), 11, 183 (1960); 
Experientia, 17, 125 (1961); Res. Bull. Panj. Univ. (in the press). 
* Baker, J. R., Quart. J. Micro. Sci., 90, 293 (1949): J. Roy. Miero. 
Soe., 74, 217 (1954): Sym. Soc. Exp. Biol., 10, 1 (1957). 
* Moussa, T. A., and Banhawy, M., J. Roy. Micro. Soc., 74, 162 (1954). 
* Thomas, O. L., Quart. J. Micro. Sci., 89, 333 (1948); J. Comp. 
Neurol., 95, 73 (i951). 
* Nath, V., Nature, 180, 967 (1957). } 
* Malhotra, S. K., Res. Bull. Panj. Univ. (O0.8.), 151, 179 (1958); 
Quart. J. Micro. Sci., 100, 339 (1959). i 
*Cohn, S. A., J. Histochem., 3, 342 (1955). | 
“ Lacy, D., J. Roy. Micro. Soe., 73, 179 (1953); 74, 226 (1954). Hirsch, 
G. C., Symp. Cell Secretion (1955). Kanwar, K. C., Res. Bull, I 


Panj. Univ.,10, 10 (1959); 10, 99 (1959). r 
'® Nayar, K. K., Biol. Bull., 108, 296 (1955). 
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Nucleolar Localization of Succinic 
Dehydrogenase in Normal Rat Hepatic Cells 


SeruTIny of the literature'-* that the 
oxidative enzyme, succinic dehydrogenase, is present 
in the mitochondria, occasionally in the cell mem- 
The absence of this 


revealed 


yanes?. of all mammalian cells. 
enzyme in the nuclei including the nucleoli is a very 
characteristic feature, except in bird erythrocytes. 
which according to Brachet? may be due to the fact 
that bird erythrocytes have no mitochondria. 

This report describes the cytochemical localization 
of succinic dehydrogenase in the nucleoli of normal 
rat hepatic cells besides their well-established cyto- 
plesmic counterpart. 

Frozen sections (8) of rat liver were cut, removing 
the endogenous substrates for succinic dehydrogenase 
in ice-cold 0-1 M phosphate buffer. Then the sections 
were incubated for 1 hr. at 37° C. in a medium cor- 
taining 5 e.c. 0-1 M phosphate buffer pH 7-6, 5 c.c. 
-1 M sodium succinate, 5 ec.c. distilled water and 
10 mgm. triphenyl tetrazolium chloride. The com- 
mon controls for confirming specificity of the reac- 
tions were applied*-5-*. The tetrazolium salt used in 
this experiment is considered to be very suitable for 
its high tissue penetrating power and the mono- 
chromatic nature of its formazan’. 

In the formazan-stained section, the same hepatic 
cell was studied with and without a phase-plate 
under a Zeiss phase-contrast microscope. During 
each of the two observations, photomicrographs were 
taken. Then the formazan colour was extracted from 
the above section by post-fixing it in Carnoy acetic 
alcohol and restained with pyronin methyl green for 
staining the nucleoli’®. From the vernier readings 
of the mechanical stage recorded previously, pyronin 
methyl green-stained cells, in the same microscopic 


field as that of the formazan cells stained with 
formazan, were studied. A photomicrograph wag 
taken. 


It was observed that cytoplasmic formazan gran- 
ules of rat-liver cells were stained in the usual manner; 
they showed the topography of mitochondria. The 
nuclei remained completely unstained and clear 





1 


Figs. 1 and Arrows point to the nucleolar-like formazan 
deposits of the same formazan-stained hepatic cells without 
and with phase-contrast, respectively. (x 1,170) 


° 





Fig. 3. Arrows point to the formazan-extracted and pyronin 
methyl green-stained nucleoli of hepatic cells of the same micro- 
scopic field( without phase-contrast). (x 1,340) 
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without any diffusion of cytoplasmic formazan inside 
them. In regard to shape, size and position, nucleolar- 
like formazan deposits of the same formazan-stained 
cell, with and without a phase-plate, yielded the same 
results as nucleoli extracted with formazan and 
stained by pyronin methyl green. The photomicro- 
graphs present evidence for nucleolar succinic 
dehydrogenase, and this unusual finding, besides the 
well-established cytoplasmic aspects of mitochondrial 
activity, is quite new. 

Thanks are due to Dr. 8S. K. Brahma, Dr. T. Muk- 
herjee, Mr. S. Bose, Mr. S. Bhattacharya and Mr. N. 
Saha. 


P. DE 
RK. CHATTERJEE 
S. Mirra 


Cell Research Department, 
Chittaranjan National Cancer Research Centre, 
37 S.P. Mookerjee Road, Calcutta. 
* Marcuse, P. M., Lab. Invest., 6, No. 2, 137 (1957). 
* Monis, B., Nachlas, M. M., and Seligman, A. M., Cancer Res., 12, 
No. 6, 1238 (1959). 
* Nachlas, M. M., Tsou, K. C., De Souza, E., Cheng, C. S., and Selig- 
man, A. M., J. Histochem. Cytochem., 5, No. 4, 427 (1957). 
* Ogawa, K., and Zimmerman, H. M., J. Histochem. Cytochem., 7, 
No. 5, 342 (1959). 
Pearson, B., and Defendi, V., Cancer Res., 15, No. 9, 593 (1955). 
* Wachstein, M., and Meisel, E., J. Biophys. Biochem. Cytol.,1, No. 6, 
484 (1955). 
Brachet, J., Biochemical Cytology, 94 (Academic Press, Inc., New 
York, 1957). 
* Friede, R., J. Histochem. Cytochem., 6, No. 5, 350 (1958). 
*Inversen, O. H., Acta Path. et Microbiol. Scand., 47, fase. 3, 216 
(1959). 
Gurr, R., Methods of Analytical Histology and Histochemistry, 157 
(Leonard Hill (Books), Ltd., London, 1958). 


MICROBIOLOGY 


Phosphate-dependent Degradation of 
Urea 

Jones and Lipmann!’ recently proposed a direct 
mechanism for the phosphorolysis of urea. We have 
found that urea is phosphorolytically cleaved by 
extracts of Streptococcus allantoicus. However, the 
urea moiety is indirectly decomposed as made evident 
by the requirement for glyoxylate. Co-factors for the 
following scheme of urea degradation in which 
glyoxylurea is an intermediate are diphospho- 
pyridine nucleotide (DPN), magnesium, and phos - 
phate or arsenate : 


oO O oO O H OHO 
NH,C_NH, + H-C-C-OH — NH, xe t OH (1) 
H 
OH OHO _— 0HOO 
NH,-C ac - bon NH,-C-N bt on (2) 
H DPNH 
OHOO pmg O one) 


| 

NH,-C abd on NH,C ~ P + NH,-C-C-OH (3) 
Oxamic transcarbamylase catalysing reaction (3) has 
been previously described by Valentine and Wolfe?. 

Procedures used for growth of S. allantoicus and 
preparation of cell-free extracts have been described 
previously**. Degradation of urea was measured 
under the following conditions : a suitable amount of 
an enzyme fraction? was incubated with 100 umoles 
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Table 1 CO-FACTORS OF UREA DEGRADATION 
Tube No Constituent omitted Oxamate formed 
(amotes) 
l Glyoxylate 0-0 
2 Enzyme * 15 
3 Urea 0-0 
+ Arsenat 1-7 
5 DPN O-0 
6 Mest), 4-0 
7 me 141 
| 
*A dialysed enzyme fraction precipitated by ammonium sulphate 
(ref. 2) was used, 1-1 mgm. of protein being added per tube. 


sodium glyoxylate (Sigma). 100 umoles urea, 40 
umoles potassium arsenate (pH 7-5), 1 umole DPN, 
5 umoles magnesium chloride. and water to a final 
volume of 1 ml. Reaction-time was 1 hr. at 30°. 
Oxamic acid, formed in the series of reactions men- 
tioned measured in the manner of 
acetamide in the hydroxamate method of Lipmann 
and Tuttle’. ‘Dowex’ chromatography of oxamic 
acid was carried out using ‘Dowex 1—XS8° (formate). 
Glyoxylie acid and glvyoxylurea were estimated by 
the method of Young and Conway®; protein was 
determined by the method of Lowry ef¢ al.*; urea was 
determined according to the method of Archibald’. 
Co-factor requirements for urea degradation are 
shown in Table 1. The extract used in these experi- 
ments also contains enzymes which cleave glyoxylate. 
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Fig. 1. Arsenate or phosphate requirement for oxamate formation 


from urea and glyoxylate. Standard reaction mixture 
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Fig. 2. ‘Dowex 1-8’ (formate) elution diagram of potassium 
oxamate and the product formed enzymically from urea and 
glyoxylate 
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Products of this pathway (to be reported elsewher 
react in the assay of Lipmann and Tuttle* but contain 
no nitrogen and can be distinguished from oxamate 
In the experiment described in Table 1 this blank 
amounted to 4 umoles per tube and has been sub. 
tracted. 100 umoles of methylurea, ethylurea, and 
thiourea, respectively, were tested as substitutes for 
urea but were found to be inactive, being below oy 
near the blank value for the omission of urea. The 
role of arsenate and phosphate in oxamate formation 
from urea and glyoxylate is shown in Fig. 1. 2 umoles 
of potassium arsenate catalysed the formation of 
14 umoles of oxamate in this reaction. Higher con. 
centrations of inorganic phosphate (P;) gave similar 
results. Carbamyl phosphate formed in this reaction 
was measured by coupling with the ornithine trans. 
carbamylase system as reported previously*. Fig. 2 
is an elution diagram obtained by ‘Dowex’ chromato. 
graphy of the compound formed enzymically in the 
standard reaction mixture. The elution peak of the 
enzymically synthesized compound corresponds to 
that of potassium oxamate. 

Energy derived from the urea moieties of allantoin 
is utilized by Streptococcus allantoicus for growth. It 


i 


was of interest to see if this organism could obtain | 


energy directly from urea. No direct phosphorolytie 
cleavage of urea was observed ; rather, urea combined 
with an aldehyde moiety and was degraded indirectly 
via glyoxylurea and carbamyl oxamic acid 
carbamyl phosphate and oxamic acid. 

This investigation was sponsored by the National 
Science Foundation grant 6453. 


to 


R. C. VALENTINE 
R. S. WoLre 
Department of Microbiology, 
University of Illinois, 
Urbana, Illinois. 
' Jones, Mary Ellen, and Lipmann, Fritz, Proce. U.S. Nat. Acad. Sei.. 
46, 1194 (1960). 
* Valentine, R. C.. and Wolfe, R. S., 
Comm., 2, 384 (1960). 

* Valentine, R. C.. and Wolfe, R. S.. 
(1960). 
Lipmann, F., 
* Young, E. G., 
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J. Biol. Chem., 198, 265 (1951). 
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Use of Cellulose Acetate Membranes 
for detecting Penicillinase-producing 
Organisms 


DvURING investigations into the gain or loss of 
penicillinase in cultures of staphylococci! there was a 
need for a simple method of screening these so as to be 
able to detect small numbers of penicillinase positive 
or negative organisms in mixed cultures. In addition. 
in the study of hospital cross-infection a quick reliable 
method was required for investigating many different 
strains of staphylococci for penicillinase production. 
A number of chemical and microbiological methods 
for detecting the ability of organisms to destroy 
penicillin have been described?-?. However, none 
of the methods in common use is really adapted 
for the study of mixed penicillinase-positive and 
negative populations on the surface of solid media. 
nor is it easy to use them so as to detect a few colonies 
of one type in the presence of a predominant growth 
of the other. One of the most useful diagnostic 
methods for pour plates is that described by Manson. 
Pollock and Tridgell*. We have modified their method 
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by pouring agar containing penicillin and Andrade’s 
indicator gently over colonies growing on the surface 
of agar plates, but under these conditions the method 
is not so sensitive nor so reliable as when deep cultures 


No. 4791 


are used. 

The method described here is suitable for use with 
surface cultures ; it can be used entirely as a chemical 
method or can be combined with microbiological 
confirmation showing that microbiologically active 
penicillin has disappeared. Essential features of the 
technique are as follows : Cultures were inoculated 
on to the surface of an 8-cm. cellulose acetate mem- 
brane (Oxo, Ltd.) previously laid on a nutrient agar 

late. The inoculum was usually 0-1 ml. of a suitably 
diluted culture which was spread on the membrane 
with a glass spreader so as to give 100-200 colonies 
per membrane. Inoculation could also be made by 
means of Lederberg’s velveS pad technique® from 
master plates containing suitably spaced colonies. 
In the examination of many strains of bacteria, as 
required in the investigation of air flora, each strain 
was inoculated on to one square of the grid marking 
of membranes which are supplied already marked. 
Inoculated membranes were then incubated overnight, 
though when the inoculum was re plicated on to the 
membrane incubation for a few hours was adequate. 
After incubation the membrane was removed with 
forceps and placed gently on to three Whatman No.1 
filter papers which were previously moistened with 
3-4 ml. of a solution of penicillin G containing 25,000 
units per ml. with Andrade’s indicator (2-0 per cent) 
contained in a Petri dish. After quite short periods of 
incubation, often as little as a few minutes, peni- 
cillinase-producing colonies developed a pink colour 
which slowly spread into the filter paper but did not 
stain the surrounding membrane to a great extent. 
Usually 2-hr. incubation was used in order to detect 
weak penicillinase producers. 

Penicillinase production could also be induced by 
exposing cultures to low concentrations of a powerful 
inducer such as methicillin (“Celbenin’)!*. This could 
be done either by placing the membrane with its 
colonies on pads soaked in a solution of methicillin 
(0-5 ugm. per ml.) and incubating for about 2 hr. or 
by placing the membrane on a nutrient agar plate 
containing 0-1—0-5 ugm./ml. of methicillin and then 
inoculating it and incubating overnight before trans- 
ferring it to the pad containing strong penicillin G 
solution. 

The method could be combined with a microbio- 
logical method by the following variation. The 
membrane, instead of being placed on the surface 
of a nutrient agar plate, was placed on the surface 
of a plate containing 0-01—0-05 ugm./ml. of penicillin 
Gin nutrient agar and then inoculated. After incuba- 
tion the membranes were removed and tested for 
penicillinase as described above. The area on the 
plates previously occupied by the membranes could 
now be inoculated by means of a velvet pad loaded 
with a confluent growth of Sarcina lutea known to be 
highly sensitive to penicillin. If penicillin had been 
destroyed during the growth of the test organisms 
on the membrane, then the Sarcina lutea grew on the 
area below the colonies. 

If a mixed culture was diluted sufficiently to give 
single colonies, it was possible to detect which colonies 
had destroyed penicillin. This, taken together with 
the production of penicilloic acid as indicated by the 
pink colour given by Andrade’s indicator, made it 
easy to confirm in an experiment whether a group of 
colonies in a culture were capable of destroying 
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penicillin and if so whether thay did it by means of 
penicillinase or by some other mechanism. 
R. Knox 
J. T. Smrru 
Department of Bacteriology. 
Guy’s Hospital Medical School, 
London Bridge, S.E.1. 
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BIOLOGY 
A Hypodermic Probe using Fibre Optics 


Ir has long been the desire of physicians, physiolog- 
ists, and biophysicists alike to be able to observe, 
microscopically, living human tissue in its original 
environment. Numerous ingenious approaches to 
the problem have been made, and there are few 
organs of the experimental animal that have not been 
subjected to transillumination and microscopic 
examination in the living state, either in situ or 
externally. However, in spite of marked advances in 
these various techniques, none has proved suitable 
for the microscopic examination of human tissue in 
vivo at any depth. 

If an ideal system is to be developed for this 
application, its resolving power should approach the 
average wave-length of visible light in order to permit 
observation of the many structures, such as striations 
of the muscle, which are only a little greater than one 
micron in size. It is also important that such a system 
should transmit all visible wave-lengths without 
selective absorption, thus permitting the use of the 
standard vital staining techniques at present used 
to improve the contrast between tissues of otherwise 
similar optical properties. In addition, the system 
should permit magnification adequate to utilize fully 
the advantages of such high resolution and colour 
reproduction. 

Recent advances in the field of fibre optics':? have 
made feasible the development of such a system, 
incorporated in a hypodermic probe. Theoretical and 
experimental work on the properties of glass fibres of 
very small diameter*® has shown that it is possible to 
use fibre bundles, containing cores as small as lu in 
diameter, to transmit images in colour over con- 
siderable lengths. Such a fibre bundle, 0-5 mm. in 
diameter, would contain approximately 200,000 fibres, 
each capable independently of conveying light along 
its length, and would, under magnification, give a 
resolution element of about ly. 

A distinct advantage to be gained from the use of a 
fibre optical, as compared to a conventional optical, 
system in such an application is that it obviates the 
necessity of introducing a lens system into the tissue 
under observation. In this instance it is far more 
satisfactory to place the entrance end of the fibre 
bundle in contact with the object under examination 
and illuminate the object either by ‘trans-illumina- 
tion’ or ‘vertical illumination’ using an externally 
placed light source. 








G28 

Fig. la illustrates diagrammatically a probe for 
the examination of human muscle tissue i” stu, 
using a vertical illumination system. Two other 


methods of illumination are diagrammatically illustra- 


ted in Figs. 16 and le. Fig. 2 shows the prototype 
instrument constructed for preliminary experimen- 
tation This instrument consists of a fused fibre 


bundle of 0-064 in. diameter and 1-5 in. long com- 
prised of cores of 0-001 in. diameter contained within 
a standard 15-gauge hypodermic needle. To protect 
the fibre bundle against during 
it is normally retracted into the hypodermic needle. 
bundle is 


and 


breakage insertion. 
In order to observe the muscle tissue, the 
extended beyond the needle, inserted, 
brought into contact with the tissue. This movement 
within the needle is controlled by a trigger. The light 
source and condensing system are located at right 
angles to the optical axis of the system, and the fibre 
bundle is illuminated by a perforated reflector. The 
image cast on the end of the fibre bundle is viewed 
through the perforation by a low-power microscopic 


once 


svstem 
Fig. 


instrument 


t t t 


3 shows a photograph taken through the 


while in use to observe blood vessels in 
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Fig. 1. Various fibre probe configurations. a, Vertical illuminatior 
type systen b. trans-illumination by probe system; 
trans-illumination by ‘twin probe’ 
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Prototype hypodermic fibre optics probe 
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Fig. 3. A view of the arteries in the mesentery of a living frog 
taken by trans-illumination 
frog mesentery using a trans-illumination system. 


When vertical illumination was used with this 
instrument the image contrast was found to be low 
due to back-seattering and reflexion. 
It is interesting to note that, although the average 
size of an individual blood corpuscle in the circulatory 
system of the frog is the same order of magnitude as 
the fibre diameter, the motion past the end of the fibre 
probe was clearly visible due to refractive index changes 
varying the illumination condition of the fibres. 
The results of preliminary experiments with this 
prototype instrument indicate numerous potential 
applications. Further work along these lines would 
allow a complete review of morphological relationships 
to be undertaken in the living human being under 
normal and pathological conditions. It would be 
possible, for example, to conduct biopsies on suspect 
nodules without Similarly, 
living bone marrow studies and liver biopsies could 
be performed easily. The optical system of the probe 
could be utilized as a carrier for micro-electrodes or 
micropipettes, allowing measurement of electrical 
activity of living cells under direct observation, for 
example in the brain or muscles, and permitting the 
injection of drugs or vital stains. Clinically, the 
optical probe could be used by the neurosurgeon to 
determine his position in the brain from the local 
architectonics under visualization in preparation for 
obliterative chemosurgery, the obliterative chemicals 
being injected through the same probe. Such an 
optical system would be compatible with near ultra- 
violet light transmission and could be used for the 
investigation of natural or induced fluorescent 
phenomena in the body. 
Further work is in progress to produce fibre optics 
probes capable of lu resolution. These probes will be 
designed to operate under conditions of vertical 
illumination or transilliumination and with visible, 
near ultra-violet, and polarized light. 
Davin F. CAPELLARO 
NARINDER S. KAPANY 
Optics Technology, Inc., 

248 Harbor Boulevard, Belmont, California. 

CHARLES LONG 
Highland View Hospital, 

3901 Ireland Drive, Cleveland 22, Ohio. 

‘ Kapany, N. S., Appendix N, Concepts of Classical Optics by Jobo 

Strong, 553 (W. H. Freeman and Co., San Francisco, 1958). 

* Kapany, N. S., Nature, 184, 881 (1959). 
* Kapany, N. S., and Burke, J. J., J. Opt 
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Seasonal Fluctuations and Distribution 

of Nitrite in a Tropical West African 
Estuary 


Very little is known about the distribution and 
seasonal fluctuations of inorganic nitrogen in West 
African estuaries. I have given' some preliminary 
figures based on a series of spot analyses and found 
that in the Sierra Leone River estuary there are both 
horizontal and vertical gradients in the concentrations 
of nitrite. nitrate and ammonia, with the higher values 
in the upstream direction and with increasing depth. 
The concentration of nitrite was found to vary from 
Sto 4 mgm. nitrogen/m.*, nitrate from 141 to 74 mgm. 
nitrogen m.* and ammonia from 22 to 10 mgm. 
nitrogen m.*—samples taken over a period of only 3 
months were, however, examined. 

The present investigation was carried out in the 
Sierra Leone River estuary over a period of one year, 
using the Griess-Ilosva method for determining 
nitrite nitrogen as modified by Orr? and Wattenberg’. 
Only the nitrite content of the estuarine water was 
determined in this investigation, but it is hoped that 
later it will be possible to study the seasonal changes 
and distribution of both nitrate and ammonia in 
order to throw some light on the nitrogen cycle. It is 
probable that fluctuations in nitrogen and _ phos- 
phorus may, with other factors such as the amount of 
effective light, be responsible for the phytoplankton 
‘bloom’ which has been shown by Bainbridge‘ to 
occur during the period January—July. This ‘bloom’ 
was also found by me® and by Bainbridge* to coincide 
with an increase in the fat content of the local shad. 
Ethmalosa dorsalis (C. & V.). which is caught in the 
estuary in fairly large numbers. 

Fig. 1 shows the average concentration of nitrite 
in the surface water for the central region of the 
estuary during the vear 1960. There is a marked 
seasonal fluctuation, with the higher values occurring 
in the wet season (June—November). The maximum 
concentration of nitrite and minimum salinity do not, 
however, fall within the same month; this suggests 
that nitrite accumulates in the drainage area during 
the dry season (October—May) and is removed at the 
beginning of the wet season. The increment to the 
nitrite content of the estuary through the direct action 


ae 
| 





) 
t 


¥ 


m 
Se ye re 


hitrowen Cogn.) 


Salinity (° 


Nitrite 











1960 
Fig. 1. Seasonal fluctuation of nitrite in the surface water for the 
central region of the Sierra Leone River Estuary. Nitrite, ——; 
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of rainfall was not measured ; but it may be appre- 
ciable since large quantities of dust of Sahara origin 
are removed from the atmosphere by the convectional 
rains in June and early July. 

Nitrite values for the feeder streams are also high 
in the wet season—a fact which suggests that the high 
values for nitrite in the estuarine water are not 
entirely due to increased turbulence as a result of the 
larger volume of fresh-water entering the upper 
reaches at this time of the year. I’, and also Long- 
hurst®’, have shown that the bottom deposits in the 
central region of the estuary are largely composed of 
muds with a relatively high organic content. whereas 
in the upper reaches and mouth the deposits consist ot 
sand or gravel. From this distribution of the organic 
material in the estuary, it would be expected that 
vertical mixing should result in higher nitrite values 
in the central reaches rather than at the two ends, 
since the suspended material in the central reaches 
would contain a higher proportion of organic matter 
brought up from the bottom. That this is actually 
the case may be seen from Table 1, although the 
amount of nitrite contributed by the suspended 
detritus is clearly less than that from the feeder 
streams. 


Table 1. CONCENTRATION OF NITRITE IN THE ESTUARY WATER 


No. of 


Range of salinity Average nitrite 


(gm. per 1,000 gm.) nitrogen (mgm./m.°*) observations 
0-15 8 | 15 
16-20 10 13 
21-25 10 26 
26-30 4 | 73 
> 30 1 27 


Values for nitrite obtained during the flood and 
ebb at springs and neaps differed by no more than 


| mgm. nitrogen/m.* during the dry season and 
3 mem. nitrogen/m.* during the wet season. The 
horizontal gradient was most marked in the wet 


in July, the average value for nitrite at the 
mgm. nitrogen/m.* and 18 miles up- 
stream 13 mgm. nitrogen/m.*. During the greater part 
of the dry season, however, nitrite appears to be 
fairly evenly distributed in the surface water through- 
out the length of the estuary. 


season ; 


mouth was 7 


J. C. D. Watts 
Fisheries Development and 
Research Unit. 
Freetown. 

‘Watts, J. C. D., Bull. TFAN, 20, A, 3 (1958). 

* Orr, A. P., J. Mar. Biol. Assoc., 14 (1926). 

Wattenberg, H., Ann. d. Hydrogr., 59 (1931). 

‘ Bainbridge. V., Col. Off. Fish. Pub., 13 (H.M.S.O., 1960) 

Watts, J. C. D., Bull. IFAN,19, A, 2 (1957). 
* Bainbridge, V., Nature, 179, 874 (1955). 
’ Watts, J. C. D., Bull. TF AN,19, A, 3 (1957). 
* Longhurst, A. R., Col. Off. Fish. Pub., 11 (H.M.S.O., 1953). 


Diurnal Rhythm in Cave Crayfish 

NUMEROUS investigations have suggested persistent 
diurnal physiological rhythmicity to be the rule 
among organisms, inhabiting the natural day-night 
environment. However, the only report known to me 
of results of a study of an animal fully removed for 
innumerable generations from such daily changes in 
light and temperature, the case of the cave crayfish, 
Orconectes pellucidus (Tellkampf), clearly established 
that these possess no difference in activity between 
day-time and night-time when kept under controlled 
conditions in the laboratory'. 
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However, a re-examination of the published data’, 


in the light of recent advances in our knowledge of 


persistent diurnal rhythmicity in metabolism, has 
indicated a_ statistically significant (P < 0-001), 
24-hr. rhythm of activity to be present (Fig. 1) with 
minimum activity about 9 a.m. and maximum about 
7 p.m. 
that from 6 to 8 p.m. This relationship was found 
on reconsideration of all the published data for 
complete days in the report already mentioned for 
animals kept in constant darkness. There was also 
a statistically significant daily rhythm in standard 
deviation of hourly activity values. 

The crayfishes involved were collected from River 
Styx, Mammoth Cave, Kentucky, in March 1935 and 
November 1936. The cave is presumed to have been 
formed beginning in the late Pliocene or early 
Pleistocene, in other words, 1—4 million years ago. 
The crayfishes are highly adapted to cavernicolous 
life. They are pigmentless and have no eyes. Young 
are carried on the pleopods, reportedly chiefly during 
winters, thus implying an annual reproductive 
rhythm, despite essentially no annual temperature 
change. Prof. Orlando Park informs me that his tem- 
perature measurements of River Styx at various times 
of the year during the past 25 years have varied within 
the range 14 + 1° C. with no suggestion of an annual 
cy cle. 

The specific form and phase relations (times of 
maximum and minimum) of the diurnal fluctuation 
discovered resemble remarkably that of oxidative 
metabolism in the incubating chick egg?, are essenti- 
ally the mirror image in toto of the diurnal metabolic 
rhythm of the fiddler crab and, treating a.m. and 
p-m. periods independently, are related directly or as a 
mirror-image to the daily cycle of potato plants* and 
numerous other organisms investigated so far. These 
metabolic rhythms have been established to be 
extrinsic in character, and phase-locked to the Earth’s 
rotation, through demonstration of day-by-day 
modifications, correlated with aperiodic, weather- 
associated fluctuations in subtle geophysical factors‘ 
in what had formerly been deemed conditions con- 
stant for the organisms. 
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This discovery of such a diurnal rhythm, especially 
with its particular characteristics, in an ancient 
cavernicolous species long shielded from any diurnal 
light and temperature changes gives strong additional] 
support to the concept of the universal presence of an 
extrinsic 24-hr. rhythmicity timed by the Earth's 
rotation, available for use in turn, as the timer for 
specific, adaptive diurnal patterns of surface-dwelling 
species, phased by light or temperature cycles, or 
adaptively dissociated from specific, overt physio. 
logical patterns in cavernicolous species such as the 
eave crayfish’. 

It seems probable that the reported annual repro. 
ductive cycle reflects an extrinsic annual metabolic 
rhythm such as has been reported even in unvarying 
light and temperature®. 

FRANK A. Brown 
Department of Biological Sciences. 
Northwestern University, Evanston, Illinois. 


' Park, O., Roberts, T. W., and Harris, 8. J., Amer. Nat., 75, 154 
(1941). 
* Barnwell, F. H.. Proc. Soc. Erp. Biol. and Med., 105, 312 (1960). 


* Brown, jun., F. A., Science, 180, 1535 (1959). 
* Brown, jun., F. A., Cold Spring Harbor Symp., 25, 57 
* Brown, jun., F. A., Biol. Bull., 115, 81 (1958). 
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Furunculosis in Lough Neagh Pollan 
Coregonus pollan, Thompson 

REPORTS were received during the early part of 
August 1960 that considerable numbers of Lough 
Neagh pollan were dying. 
that the north-eastern shore in the Antrim Bay 
area was littered with fish (approximately one for 
each yard of beach) and from their condition it was 
evident that the mortality had been occurring for 
some time, possibly 2-3 weeks. It has since been 
learned that dying and dead fish continued to be 
noted until the end of August at least. Although 
pollen was the only species noted at the time of the 
inspection, commercial fishermen on the lake have 
since stated that small numbers of bream, Abramis 
bramae L., and lake trout. Salmo trutta L., were also 
affected. 

Three pollan were collected and examined macro- 
scopically in the laboratory. Except for an apparent 
slight hemorrhage at the base of the anal fin and 
in the surrounding area in one of the fish, nothing 
abnormal was noted. Despite the absence of patho- 
logical indications of bacterial invasion, cultures 
were prepared from the pulped kidney of each of 
the three pollan and these all developed colonies 
typical of Bacillus salmonicida (Emmerich and 
Weibel). The organism was a small, non-motile, 
Gram-negative staining diplobacillus fermenting 
glucose and mannite without gas production. There 
was no reaction with lactose, dulcite or saccharose; 
gelatine was liquefied, indole was not produced 
and on serum agar a profuse growth with brown 
pigment was produced. 

The results of the confirmatory tests carried out 
on each of the cultures from the three pollan using 
gold-fish, Carassius auratus L., are given in Table 1. 
In each case the inoculum was 0-05 ml. of a saline 
suspension of a two-day agar slope culture, the 
opacity of which was approximately that of Brown 
No. 2 or a dilution thereof. The fish were used in 
groups of three. 

In addition, oral infection of the gold-fish was 
attempted, but in none of the three cases was an 
infection produced. 
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Intraperitoneal injection 
Dilution of Si IO REF 
jnoculum Survival 


(in days) Pathological effect 
Pollan No. 1 ; 
Undiluted 1-2 General wdema and lique- 
faction of internal organs 
Pollan No. 2 


Liquefaction of internal 


Undiluted 
2-5 organs 


1/35°0 


Pollan No. 3 


Undiluted 2 Liquefaction of internal 
1/10 alive organs 
1/100 alive 


Thirty-six control gold-fish were kept during the 
period of the investigation and, of these, three were 
injected intraperitoneally with sterile saline; three 
others were searified and sterile saline placed on the 
wounds and a further three fish were injected intra- 
peritoneally w ith a culture of B. salmonicida which 
had been standardized to Brown’s opacity Tube 
No. 2 and the suspension killed by moist heat. All 
the control fish together with these three groups 
survived. 

There is therefore no doubt but that B. salmonicida 
was the epizootic responsible for the mortality of 
the fish in Lough Neagh, but unfortunately it is not 
possible to advance any plausible theories as to the 
reason for the outbreak. It should be noted, however, 


that in the Ministry’s records is a report that 
B. salmonicida was responsible for the death of 
numbers of salmon, Salmo salar L.. in the River 


Bann during the mid 1930’s (Furunculosis Committee 
Reports: Interim, 1930; Second Interim, 1933; 
Final, 1935; H.M.S.O., Edinburgh). 
Acknowledgment is made to Dr. A. J. Howard, 
the director of the Department of Industrial and 
Forensic Science, Ministry of Commerce, for his 
¢o-operation, and all others who so kindly assisted 
in the work and the correction of the manuscript. 
K. U. Vickers 
Fisheries Branch, 
R. McCrLean 
Department of Industrial and Forensic Science, 
Ministry of Commerce, 
Government of Northern Ireland. 


An Example of Mechanica! Co-ordination 

of Cilia 

THE membranelles (compound cilia) of the proto- 
zoan Stentor are arranged in a single row around the 
oral end of the animal. Each membranelle sw ings 
through an angle of beat of about 140° in a plane at 
right angles to the row, while the metachronal waves 
pass along the row from one end to the other. It 
has been established!? that these membranelles are 
normally co-ordinated to beat in a metachronal 
rhythm by an internal transmission mechanism, 
that the conduction of metachronal ‘impulses’ and 
the beating of the cilia are separable activities of the 
system, having quite different properties. 

Recent observations on the cilia of lamellibranch 
zills*:* have shown that the metachronal co-ordination 
rate (wave velocity) can be markedly increased by an 
increase in the viscosity of the medium around the 
cilia. This would not be e xpected on the basis of an 
internal conduction theory. In work on the meta- 
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A pplie d to scarifie ed tissue 


. salmonictdc 
isolated 


Survival B 


(in days) Pathological effect 


3 Necrosis of musculature 
in scarified area | 


4 | Necrosis of musculature 
5 | in searified area. Lique- | 
4 faction of internal organs - 
3 Necrosis of musculature 
alive in scarified area. Lique- 
alive faction of internal organs 


chronal co-ordination of Stentor membranelles in 
media of increased viscosity, I’ found that the wave 
velocity did not change at viscosities below about 
3-5 centipoises, but that at higher viscosities the 
metachronal rhythm was abnormal. Further experi- 
ments on Stentor membranelles reported here have 
provided an explanation of these apparently con- 
flicting reports. 

The experimental methods used, including those of 
measuring the frequency of beat and the wave 
velocity, were the same as those described previously?, 
except that in these experiments methyl cellulose was 
replaced by polyacrylamide as the viscous agent as 
recommended by Gosselin. 

The results of these experiments are summarized in 
Fig. 1. The records of change of wave velocity below 
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Fig. 1. Effect of polyacrylamide solutions of viscosities between 


1-2 and 8-5 centipoises on frequency of beat and velocity of 

metachronal wave transmission of the membranelles of Stentor. 

Each value plotted is the mean of many observations, the vertical 
line showing 95 per cent confidence limits 
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3-3 centipoises were found by the ¢ test (/ 
to differ significantly from zero, which 

with previous results. At the higher viscosities there 
is a dramatic and significant increase in wave velocity. 
All the frequency rec the first differ 
significantly zero, that at viscosities 
3-5 centipoises the frequency steadily 
but it the same vis- 
as the increase In solutions 


yrds except 


from showing 
below about 


decreases, about 


rises again at 
cosity in wave velocity. 
of high viscosity there is also an obvious decrease in 


the amplitude of beat 


The best explanation of these observations seems 
to be as follows. At the higher viscosities the ten- 
dency for the viscous medium to slow the ciliary beat 


slightly. evidently because the 
cilium assists the movement of its neighbours 
through the ased through 
the viscous medium. This same viscous-mechanical 
ction between adjacent cilia allows an alterna 
of communicating a metachronal rhythm 


than the 


falls away movement 


ot one 
communicated 


inc! drag 


tive means 


which is faster internal co-ordination and 


increases in speed as the viscosity is increased. Under 
these conditions of high external viscosity the cilia 
ire thought to be co-ordinated solely by the sort of 


mechanical means su The same 
group of cilia this second method of 
co-ordination under these special conditions. 

Che amplitude of beat decreases progressively with 
until eventually the angle of 
that interaction 
the frequency falls rapidly away 
metachronal rhythm breaks down. The cilia 


ygested by Gray 


may thus show 


increase In viscosity, 


small viscous becomes 
negligible, so that 


and the 


beat is so 


may beat singly and sporadically at very high vis- 
cosities (above 10 centipoises but the movements 
are very feeble. 

M. A. SLEIGH 


Zoology Department, 
Che University, 
Exeter. 








Sleigh, M. A., J. Exp. Biol., 33, 15 (1956) 
Sleigh, M. A., J. Exp. Biol., 34, 106 (1957). 
tix n, R. E., Fed. Proc., 17, 1468 (1958). 

* Aiello, E. I Physiol. Zool., 33, 120 (1960) 
Ske M.A 


Ph.D. thesis, University of Bristol (1956) 
*Gray. J., Proce. Roy. Soc., B, 107 1930 


A Method of replicating Dry or Moist 
Surfaces for Examination by Light 
Microscopy 

fue use of transparent replicas is a convenient 
method for the microscopic study of surfaces. Per- 
feetly dry structures can be replicated with plastic 
substances ‘Collodion’, ‘Formvar’ or meth- 
acrylate, but a serious disadvantage to the general use 
of these materials is that they ‘mist’ when allowed to 
harden in a moist atmosphere. Accordingly, they 


such as 


cannot be used satisfactorily with specimens that 
either become distorted when dry or, like many 
biological specimens, have a naturally wet surface. 
The following method, which overcomes this diffi 


culty, consists essentially of taking a primary impres 
sion of the surface with a silicone rubber plastic and 
sing this to form secondary transparent replicas. 
Silicone monomer (‘Silflo Dental Plastic’. 
Flexico Ltd., 25 Devonshire Place. 
London, W.1) is mixed with the requisite amount of 
catalyst and immediately poured over the material 
to be The plastic hardens in about 5 
min. and it is then gently lifted away with forceps. 
lhe primary replica is now washed in water contain- 


rubber 
Developments, 


examined. 
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Fig. 1. Replica of abaxial surface of leaf of Tradescantia ma ] 
sh cid and turgid guard cells 


ing detergent (“‘Teepol’) with the aid of a small sable- 
hair brush and finally swilled in distilled water. 

Before proceeding to the next stage it is 
important that the primary replica be thoroughly 
dried. The method adopted is to blot the rubber with 
fluff-free filter paper (Whatman No. 50) and to place 
it flat. impressed surface upwards, in a desiccator 
containing phosphorus pentoxide for 190-15 min. 

A nitrocellulose preparation (‘clear’ nail varnish 
is poured or spread over the dry, undisturbed rubber 


most § 


~- 





Fig. 2. Replica of surface of a wasp’s eye 
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surface and the lid of the desiccator replaced imme- 
diately. When quite hard (10-15 min.) the transparent 
secondary replica may be separated and mounted 
between two thin, polished microscope slides, the 
edges of which are afterwards bound together with 
adhesive tape. 

The stripping process may present some difficulty 
owing to the tendency of the replica to curl. The 
transparent layer should be lifted slowly and, as soon 
as it is free, transferred swiftly to a slide and sand- 
wiched flat. When the mount is viewed by eye the 
back, that is, the unreplicated surface, should be clear. 
Unsatisfactory replicas look cloudy and the fault 
almost invariably lies in the failure to dry the 
primary replica. 

On microscopic examination the replicas are seen 
to their best advantage if the sub-stage mirror is 
tilted to one side so that the incident light strikes the 
specimen obliquely. 

This method is a simple, quick and reliable way of 
obtaining permanent records of a variety of surfaces 
suitable for examination by light microscopy (Figs. 
land 2). It can be used for living tissues and, since 
the rubber appears to be non-toxic, serial impressions 
from the same region can be made provided care is 
taken not to damage the surface when removing the 
rubber. 

I am indebted to Dr. F. A. L. Clowes for his 
encouragement and advice and to Mr. F. Bradley for 
the photographs. 

JOAN SAMPSON 
Botany School, 
South Parks Road, 
Oxford. 
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Distribution of Acarapis woodi (Rennie) 


A. R. Brimblecombe and C. Roff state in Nature 
of May 6, p. 561, that ‘““Mites determined as Acarapis 
woodi (Rennie) were found recently on one of the 
escorts with a queen bee (Apis mellifera L.) from 
California’. They also report that subsequent sur- 
veys indicated that this particular mite was found 
on bees from other States of the United States, and 
was widespread in Queensland. 

The queen shipment in question was sent to 
Brisbane in June of 1959, and the identification 
was made a short time later. In subsequent letters 
with the British Museum and with Canberra, it was 
determined that no evidence of the internal mite was 
found in the trachez of the bee, but only forms on the 
outside of the thorax. The California State Depart- 
ment of Agriculture and the University of California 
made extensive surveys of bees in California, and 
other apicultural workers made surveys in other States 
and in different Provinces of Canada, examining 
thousands of bees for the internal mite, Acarapis 
woodi, with entirely negative results. No specimens 
of A. woodi have ever been found in the United 
States or Canada. 

External acarapis mites were found widely scattered 
in both the United States and in Canada, and these 
were identified as Acarapis dorsalis and A. externus. 
These mites are innocuous forms that appar :ntly have 
a world-wide distribution and cause no noticeable 
damage. They have never been found to invade the 
trachee of bees and can be distinguished from 
Acarapis woodi, the internal species, by several 
distinct morphological as well as ecological character- 
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isties, which are now known to the acaralogists of the 
British Museum (Natural History) and to the National 
Museum in Washington. I personally have sent slides 
of the external mites to both museums and to various 
places in Australia, including Canberra and Adelaide. 

If there is any doubt still in the minds of the 
acaralogists as to whether the external acarapis mites 
are distinct species or merely ‘strains’ of one mite, 
then for scientific as well as economic reasons they 
should identify the external forms as A. woodi 
dorsalis, or A. woodi externus, or A. woodi vagans, 
whichever they chance to be. It is certainly not by 
chance that the external acarapis mites have dis- 
tinctly different physical characters from the internal 
mite, or that they have never been found to invade 
the trachexe of their host. 

J. E. Eckert 
Department of Entomology and Parasitology. 
University of California, 
Davis, California. 


Brain Hormone of the Silkworm, 
Bombyx mori 

Ir is generally accepted that the neurosecretory 
cells concerning the metamorphosis of insects contain 
a smal] amount of a secretory substance at any time 
of development':*, notwithstanding a marked effect 
which they exert when implanted or transplanted. 
This means that accumulation of the secretory sub- 
stance released continuously from the cells in the 
brain is necessary to become effective. This is the 
reason why a great many brains were used to extract a 
sufficient amount of the active principle*. However. 
we have found that only several devitalized brains of 
Bombyx mori could cause adult differentiation when 
inserted into the non-diapausing pup of Philosamia 
cynthia ricini caused to diapause by prompt removal 
of their brains just after pupation. Devitaliza- 
tion was brought about by various ways such as 
subjecting brains to freezing in a deep-‘reezer 
at —18° C. for 21 days, desiccating them over silica 
gel for one day, or heating them at 90° C. for 90 min. 
After being treated, the brains were all proved 
to be as effective as live ones, so far as they were 
tested by five for each test pupa. Needless to say 
that in this case the brain hormone, enough to stimu- 
late adult differentiation of the recipient, had to be 
present in the five inserted brains. The porsibility 
that the adult differentiation was caused by the pro- 
thoracic gland hormone which contaminated the 
inserted brains can be ruled out, since neither the 
same amount of fatty tissue nor blood similarly treated 
exerted any perceptible effect on the dormant pup. 
It seems, however, worthy of mentioning that after 
treatment brains of Philosamia were inferior to brains 
of Bombyx in their effectiveness. This presumably 
indicates that the situation at a given moment is 
different between the two species, a larger amount of 
the hormone being contained in the latter. 

Kobayashi and Kirimura’ reported first the 
preparation of the brain hormone. In their case, 
however, an extract from some 400 brains was 
necessary to let each pupa develop into an adult. By 
contrast, our finding stated above may suggest that 
the extraction from only five brains would yield 
sufficient quantity of the active principle, if the pro- 
cedures of extraction are successfully manceuvred. 

Thus we started work on the chemical proper- 
ties of the brain hormone after Kobayashi and 





method with the view of getting an 
principle from the small number of brains. 

The complexes of brains and subcesophageal ganglia 
from pupzwe of Bombyx that had been mostly shortly 
before the completion of adult development 
stored in a deep-freezer at — 18° C. and used 
material to be extracted. Brains were counted before 
crushing to facilitate an easy computation of dose per 
test pupa. All the work was carried at room 
temperature. 

240 brains (fresh wt. 97 mgm.) were homogenized 
with | ml. of methanol and centrifuged. The same 
extraction was repeated twice more with the residue. 
The extracts thus obtained were combined and dried 
A small amount of yellow matter thus 
prepared was dissolved in 2 ml. of distilled water plus 
jimi. of ether, the latter being removed after thorough 
shaking. The water layer was washed with ether 
twice more and a trace of ether remaining in the water 
The water fraction thus 
obtained was made up with distilled water to 2 ml.. 
0-1 ml. of which was injected into each of 20 test 
pupe of Philosamia. 19 out of the 20 pupxe meta- 
morphosed into moths 18-24 (average 19) days later 
at 25 C. (At this temperature normal pupe can 
emerge as moths 17-19 days after pupation.) The 
combined ether washings were dried also in vacuo to 
vield vellow oily matter. It was dissolved in 2 ml. of 
sesame oil and 0-1 ml. of the solution was injected into 
each of 20 test pup with the result that not one of 
them indicated an appreciable differentiation toward 
adult. Control experiment of injecting water or 
sesame oil alone proved also to be ineffective. A 
repetition of the same experiment vielded essentially 
the same result 

The active principle was also prepared by extrac- 
tion with 2 per cent sodium chloride solution. 350 
brains were homogenized with 0-7 ml. of the saline 
solution and centrifuged at 9,000 r.p.m. for 30 min. 
The same procedure was repeated three times more 
with the residue, and the extracts thus obtained were 
about 2:8 ml. All 37 pupe. in which 18 pupx were 
injected each with 0-1 ml. of the extract and 19 with 
0-05 ml., were able to metamorphose into moths 
18-25 (average 20) days and 19-25 (average 21) days 
later respectively. Injection of 0-1 ml. and 0-05 ml. 
of the saline solution brought about no sign of adult 
differentiation. 

Thus it is evident that the active extract of the 
brain hormone can be prepared successfully from a 
relatively small number of brains. Here it must be 
emphasized that there is an important difference 
between our finding and that obtained by Kobayashi 
and Kirimura: namely, our principle is water-soluble. 
while that obtained by Kobayashi and Kirimura is 
ether-solubie, as tested by the water—ether partition. 
Further purification now in progress will give further 
information about the chemical nature of the brain 
hormone. 

We are indebted to Dr. 8S. Morohoshi. director of 
Gunze Silkworm and Mulberry Research Institute. 
and Dr. 8S. Sasaki, director of Ayabe Branch of Seri- 
cultural Experimental Station, who supplied the 
silkworm pupe. 
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Karlson, P., in Proc. Fourth Intern. Cong. Biochem., edit. by Level- 
book, L., 37 (Pergamon Press, 1959). 
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Sterile Crosses between Mutations of 
Tribolium confusum Duv. 
*McGitu Rep’ is a wild strain of T. confusum main- 
tained by me for some thirty years. “McGill Black’ 


is a jet black mutation which arose in the wild strain | 
in 1950. The life-histories of both strains have been 
described by H. M. Slatis and me’. In the spring of 
1$60 another black mutation which may be called 
for convenience ‘Slough Black’ was received from the 
Pest Infestation Laboratory at Slough. An extensive 
programme of research has been under way to study 
the genetics of ‘Slough Black’ in relation to “McGill | 
Black’ and ‘McGill Red’. i 


It has been found that, when females of ‘McGill 
Black’ are mated to any male other than that of 
‘McGill Black’, numerous eggs are produced, but these 
are all non-viable, no development occurring. The 
males of all the genotypes obtainable from crosses 
between the three strains have been mated with 
females of ‘MeGill Black’ with similar results. 

The eggs have been sectioned, but there is no trace 
of development, and eventually the eggs dry up and 
wither. Superficially they appear quite normal. 
There would seem to be four possible causes: (a) the 
matings are ineffective. no sperms being transferred; 
(b) there is some genetic lethal effect; (c) there is a 
cytoplasmic defect; (d) there is the faint possibility 
that rearing the insects on flour plus yeast has had an 
effect. Further work is being done on this problem, } 
and some stocks are being reared on flour plus wheat- : 
germ to check (d). 


JOHN STANLEY 


— 


Department of Zoology. 
MeGill University. 
Montreal, Quebec. 


‘Stanley, J., and Slatis. H. M., Ecology, 36, 473 (1955). 


5-Methyltryptophan and Darkening of the 
Hair in Yellow A¥/a Mice 


PREVIOUS experiments have shown that powdered 
preparations of the skin and hair of yellow (A¥/a) 
mice oxidize L- (but not D-) tryptophan and also 
pL-5-hydroxytryptophan with the production of | 
yellow solutions':* 





*. To obtain further evidence on the } 
question of whether tryptophan, or a derivative, 
might be implicated in the production of yellow 
pigment in the hairs of this strain of mice, i vivo 
experiments were carried out using an antimetabolite 
of tryptophan*. Starting at 3-4 days of age, daily 
subeutaneous injections of DL-5-methyltryptophan | 
were made in these mice for a period of 7—10 days. 
This is a period of vigorous pigment production. } 
(Mice were obtained from the R. B. Jackson Memorial 
Laboratories, Bar Harbor, Maine. pDL-5-methyl- 
tryptophan was a product of Sigma Chemical Co.. 
St. Louis, Mo.) 

While lower doses gave equivocal results, the 
injection of 1 mgm./gm. DL-5-methyltryptophan into 
these suckling mice daily for a week (a dosage high 
enough to cause measurable depression in growth- 
rate) resulted ia animals the coats of which were 
markedly less yellow than those of animals given 
saline or L-tryptophan daily (Table 1). Instead, coats | 
of experimental animals appeared darker in colour 
than those of controls. When unstained 10u cross- 
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Table 1. APPEARANCE OF COATS OF Av/a MICE AFTER INJECTIONS OF 
5-METHYLTRYPTOPHAN OR CONTROL SOLUTIONS 
Exp. Age during No. No. No, 
No. njections No. of animals Yy G I 
ll 3-12 (10 days) 2 Experimental 0 1 l 
2 Control 2 0 0 
(L-tryptophan) 
111 4-10 (7 days) 3 Experimental 0 2 1 
2 Control 2 0 0 
(isotonic saline) 
IV 4-14(1l days) 3 Experimental 0 3 0 
2 Control 2 0 0 


(isotonic saline) 


, Yellow coats; G, grey coats; J, coats intermediate in colour: 
5-Methyltryptophan and L-tryptophan were injected as suspensions 
in distilled water (20 mgm./ml.). Judgments of colour were made 
ne naive observer as well as the experimenter and agreed 
n all eases. In each experiment control and experimental animals 
were litter-mates. 


fable 2. PERCENTAGE OF HAIR CROSS-SECTIONS CARRYING YELLOW 
OR BLACK PIGMENT 
Exp. Level at which 
No. hairs were Yr B +B 
counted 
Il Just above the Exp. 32 53 15 
skin surface Cont. ag 0 11 
Ill Just below the Exp. 59 li 30 
skin surface Cont. a 0 1 
lll Just above the Exp 28 14 5s 
skin surface Cont. v4 0 6 
IV Just below the Exp. 62 12 } 26 
skin surface Cont. 99 0 1 


Y, Yellow pigment; B, black pigment; }' + B, vellow and black 
pigments both visible in the hair cross-section studied. A rectangular 
piece of dorsal skin and hair was fixed in formalin, embedded, cut 
at 10a, and examined without any staining. At least five cross-sections 
of skin were examined in each case. Counts were made of a series of 
100 or more consecutive cross-sections of hairs. To avoid duplication, 
hairs were counted at a given level parallel to the surface of the skin. 
Colour was estimated under the microscope with daylight illumina- 
tion, and with the source of the slide unknown. This table gives no 
information on the relative distribution of pigments at other points 
along a given hair. 


sections of skin and hair were examined; those from 
experimental animals could be readily distinguished 
because of increased amounts of black pigment in the 
follicles and hairshafts. Quantitatively, the per- 
centage of hairs containing visible black pigment in- 
creased from 1-10 per cent in controls to 40-70 per 
cent in the experimental animals (Table 2). The effect 
depended on the continued injection of the methyl- 
tryptophan ; two animals were kept after the com- 
pletion of one experiment without further injections, 
and a typical yellow coat was visible under the dark 
outer coat of hair after about a week. 

Preliminary trials failed to demonstrate a reversal 
of the darkening effect by the simultaneous adminis- 
tration of an equal amount of L-tryptophan daily ; 
however, since in mice injected tryptophan is rapidly 
metabolized by an inducible enzyme system in 
the liver‘, it may take a very large 
systemically administered tryptophan to antagonize 
the effect. 

The above results support the idea' that trypto- 
phan, or a derivative, may be utilized for pigment 
formation by these mice. If the methyltryptophan 
acts primarily by inhibiting this system, the increase 
in black pigment may be a secondary effect. It is well 
known that neural crest cells, or dendritic melano- 
cytes of Av/a mice, form black pigment rather than 
yellow in locations other than the hair bulb: the 
ear skin, the harderian gland, and the nictitans, for 
example®, as well as when transplanted into the 
follicles of genetically black mice*, or when explanted 
into the chick ccelom’. That the appearance of the 
black pigment may be a secondary effect is supported 


* Silvers, W. K., 


amount of 
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by some equivalent experiments on the effect of 
methyltryptophan on black (C57B1/6) mice. Here. 
injections of the analogue resulted in a slight diminu- 
tion in the intensity of black pigmentation. This 
result, while not quantitative. shows that methyl- 
tryptophan does not in itself have a stimulating 
effect on the system responsible for forming black 
pigment, namely, the tyrosinase system. The only 
other explanation would have to be that the methyl- 
tryptophan competes successfully with both the 
vellow and black systems to form an ‘intermediate’ 
black, which seems unlikely. 

The experiments reported here are in agreement 
with the idea that yellow pigment in the hairs of 
Ayv/a mice represents not simply a different degree 
of polymerization of melanin formed by the tyros- 
inase system, but is formed. at least in part, by a 
different route. 

I am indebted to Dr. L. B. Flexner, of the Depart- 
ment of Anatomy, University of Pennsylvania. 
Philadelphia, and to Dr. R. K. Enders, of the Zoology 
Department, Swarthmore College. Swarthmore, Pa., 
for facilities for the initiation and completion of this 
work. Part of the work was carried out during 
tenure of a U.S. Public Health Service postdoctoral 
fellowship. 


VIVIANNE T. NACHMIAS 


Department of Anatomy, 
University of Pennsylvania Medical School, 
Philadelphia 4, Pa. 
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Genetics of a Difference in the Male 
Genitalia of East and West African 
Stocks of Papilio dardanus (Lep.) 


THE famous African butterfly Papilio dardanus 
Brown is highly polymorphic in the female, while 
the males are monomorphic and non-mimetic!. The 
species has been divided taxonomically into a number 
of sub-species, mainly on the basis of quantitative 
variation in wing pattern of the males?-*. Several of 
these races are isolated from all others on islands 
and mountainous areas. However, five named races 
are not geographically isolated from their neighbours 
and the male wing pattern. since it tends to show a 
clinal distribution, is unsatisfactory for delimiting 
their exact distributions. The western race (dardanus) 
might be thought to be more distinct than the others. 
because of the morphology of the male genitalia‘. 
In the eastern races there is a long spine on the inner 
surface of the valve; the western race usually has no 
spine (Fig. 1). In a narrow zone north of Lake 
Victoria where the races meet, both types are found. 
together with intermediates with very short spines. 
which in west Africa are known only as rarities. 

During recent investigations into the genetics of 
P. dardanus®, we have accumulated information on 
the mode of inheritance of the long spine of eastern 
races. The histograms (Fig. 2) show the distribution 
of spine-length in the western males from the region 
of Lake Victoria, the eastern males from South 
Africa, the F, and F, hybrids between the stocks. 








936 








Fig. 1. The upper drawing shows a valve of the male genitalia 

of the eastern type; the lower one that of a male of the western 

race. In the latter, note the absence of the long spine present in 
the eastern males 


and the back-cross broods to west African material. 
The results demonstrate that the presence of the 
spine is dominant to its absence, and that the 
character is controlled in the main by a single major 
gene. If we divide the F, individuals into two 
groups at the antimode (at 2-5 units) we find a ratio 
of 107 long-spined to 30 short- or no-spined indi- 
viduals. This is a satisfactory approximation to the 
expected 3:1 ratio (P>0-3). The back-cross broods 
containing 25 long-spined to 20 short- or no-spined 
individuals also give a satisfactory approach to the 
expected 1:1 ratio (P>0-3). Variation between 
broods in the mean length of the spine of the domi- 


24 
“167 
4 
s 4 

16 


4 iv 
b 
a 4 
a 
16 
| 





a_i © 


16 
d 
8 
a 
0 2 4 6 a 10 


Units 


Fig. 2. The histograms show the numbers of males with different 
spine lengths in various stocks of P. dardanus, each unit being 
0-156 mm. (a) To the left of the arrow at 4 units, all the males are 
of the western race, to the right of the arrow, of the eastern race; 
(6) the F, hybrids between the eastern and western races; 
(c) the F, hybrids; (d) the backcross of the F, to the western race. 
The white area of the histogram between 0 and 0-5 unit shows 
the number of individuals with no spine 
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nants, coupled with the less clear-cut division into 
two classes in the F, compared with the parenta] 
populations and back-cross broods, suggest that 
modifiers are segregating in the hybrids. 

The morphology of the male genitalia has beep 
used in Lepidoptera and some other insects as ap 
important or often the only taxonomic character 
These results show that one such character, used to 
separate a sub-species, is mainly controlled mono. 
genically. 

The similarity between the histogram of the F, 
broods and histograms compiled for such human 
characters as the threshold for the ability to taste 
PTC solutions, or the ability to metabolize isoniazid‘, 
suggests that a more detailed picture of the genetics! 
of spine-length in P. dardanus, where breeding can‘ 
be controlled, may serve as a useful model in detailed 
investigations of the genetics of human characters 
having a bimodal distribution. 

J. R. G. Turner 
8 Dunbabin Road, 
Liverpool, 15. 


C. A. CLARKE 
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AGRICULTURE 


Plant Growth in Irradiated Soil 


One of the difficulties in any investigation of the 
action of micro-organisms on plants growing in soil 
is that sterilization of the soil by heat or by chemical 
means prior to planting causes complex physical and 
chemical changes, some of which are phytotoxic'. 
The reports that urease activity continued in soil 
sterilized by an electron beam? and that y-irradiation 
of humus resulted in little physical and chemical 
change* indicated that irradiation sterilization may 
overcome the disadvantages of soil sterilized by more 
conventional methods. The present report is con- 
cerned with a comparison of growth of subterranean 
clover (Trifolium subterraneum L.) in two soils 
(Urrbrae red-brown earth and Mount Compass 
podzolized sand) sterilized by heat, by propylene 
oxide and by irradiation. 

Soil was added to 20-5 em. x 3-2 em. test-tubes 
to a depth of 5 cm. and moistened to field capacity 
with distilled water. These were sterilized either by 
steam at 120° C. for 1 hr. on each of three successive 
days, or by propylene oxide introduced into an evacu- 
ated sterilization chamber at the rate of 0-6 gm../litre 
capacity and held at 25° C. for 72 hr. Other samples 
of the moistened soils were sealed in polythene bags 
placed in sealed tins and sterilized by y-irradiation 
with a dose of 2-5 megarads. The bags were after- 
wards opened and placed in sterile test-tubes. All 
sterilization was carried out fourteen days before 
planting with surface-sterilized subterranean clover 
seed pre-germinated on agar‘. Three sterile germi- 
nating seeds were transferred to each of eight tubes 
in each treatment and grown for six weeks in a glass- 
house with supplementary heating and cooling. 
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Fig. 1. Growth of subterranean clover in Urrbrae red-brown earth 


Heat-sterilized; B, propylene oxide treatment; 
C, irradiation-sterilized 
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Growth of subterranean clover in Mount Compass sand at 


Heat-sterilized; B, propylene oxide treatment; 
C, irradiation-sterilized 
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Fig. 2. 
3 weeks. A, 


Plating of soil at both planting and harvesting 
showed that whereas heat- and irradiation-treated 
soils were sterile, the soils treated with propylene 
oxide were not. In this treatment there were some 
surviving bacteria which proliferated in all tubes 
during the experiment. 

In both Urrbrae red-brown earth and Mount 
Compass sand, plant growth and development in soils 
sterilized by heat or propylene oxide was retarded, 
plants in the latter case being particularly small, 
with rosetting and yellowing. Several of these plants 
died during the six-week experimental period. By 
contrast, plant growth in irradiated soil was good 
(Figs. 1 and 2, Table 1) and only slightly less than 
that of plants growing in unsterilized soil. 

In irradiated Mount Compass sand, roots and root 
hairs were well developed, but in heat-sterilized 
sand, root growth was significantly less, light brown 
lesions occurring on some roots, and root hairs being 
few, short, and irregularly distributed. In _ heat- 
sterilized Urrbrae red-brown earth, severe stunting 
of primary and the many secondary roots occurred, 
with dark brown lesions frequently present; root 


GROWTH OF SUBTERRANEAN CLOVER IN HEAT- AND 


IRRADIATION-STERILIZED SOILS AFTER 6 WEEKS 


Table 1 


Mean total top 
weight/tube 


Mean total root 
length/tube 
Soil — 2 


Irradiated 


Heat Irradiated Heat 

(cm.) (em.) (mgm.) (mgm.) 
Mount Com- 
pass sand 46:1 86-1** 23-4 29-0 
Urrbrae red- 
brown earth 16-9 86-5*** 33-4 40-5*** 


** Differences between heat- and irradiation-sterilization significant 
at 1 per cent level. 

*** Differences between heat- and irradiation-sterilization significant 
at 0-1 per cent level. 
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hairs were absent. Subsequent experiments have 
shown that the phytotoxic effects produced by heat 
sterilization of soil can be overcome by the intro- 
duction of specific fungi and bacteria. While no 
obvious stunting of roots occurred in irradiated 
Urrbrae red-brown earth, root hairs were short and 
sparse compared with those on plants in unsterilized 
soil. 

The results suggest that this method may be the 
best at present for work on plant growth in sterilized 
soils. However, the suppression of root-hair forma- 
tion and growth (especially in Urrbrae red-brown 
earth) indicates that irradiation is not without some 
deleterious effect. In fact, recent experiments with 
irradiated Urrbrae red-brown earth stored at room 
temperature for 10 weeks prior to planting indicate 
that phytotoxicity increases in such soils with storage. 
This result parallels the observation® that colour and 
odour changes occur in grass following irradiation 
sterilization, due possibly to the continued enzyme 
activity’. 

We wish to thank Dr. J. G. Clouston, of the Austra- 
lian Atomic Energy Commission, Lucas Heights, New 
South Wales, for irradiation of the soils. 


G. D. 
A. BD. 
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Commonwealth Scientific and 
Industrial Research Organization, 
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Adelaide, 
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? Warcup, J. H., Soils and Fert., 20, 1 (1957). 
° McLaren, A. D., Resketko, Lola, and Huber, W., Soil Sei., 83, 497 


(1957). 
* Groenewound, van H., Proc. Canad, Phytopath. Soc., 26, 12 (1959). 
* Rovira, A. D., Plant and Soil, 11, 53 (1959). 
5 Grossbard, Erna, Minson, D. J., and Raymond, W. F., Exps. in Pro- 
gress, 11 (Grasslands Res. Inst., Ann. Rep., 1957-58, 80, 1959). 


Assessing the Damage caused by 
Heterodera rostochiensis Woll. 

PREVIOUSLY there have been no published accounts 
of the effect of any species of Heterodera on the yield 
of the host crop under field conditions. Jones! 
attempted to obtain conditions approaching those 
found in the field by the use of small, artificially 
constructed plots or microplots. However, these were 
too small to give a realistic estimate of yield per acre. 
For insect pests differential population density-levels 
have been established by the use of insecticides. 
This is impractical, for eelworms as nematicides, in 
addition to affecting the eelworm population, also 
often exert an effect on plant growth. I have therefore 
investigated the effect on the yield of potatoes of 
differences in initial density of eelworm population. 
This method, possibly with some modification, should 
prove suitable for other Heterodera species or for any 
species of nematode for which reliable population 
estimates can be made. 

Six experiments all on various fen peat soils were 
performed in 1960 on fields chosen for uniformity of 
soil depth, texture and previous cropping. Twenty 
small plots (each 4 rows x 5 yd.) per site were distri- 
buted on a grid pattern covering a total area of 44 
rows x 80 yd. These were marked out and soil sampled 
(25 cores per plot) shortly after planting and the eel- 
worm population on each plot was estimated by the 
usual technique?. The crop yield was obtained by 
hand digging the whole of each plot and riddling over 
a 1} in. riddle. 











938 NATURE August 26, 1961 vo. 1s 
160 T The mean figures for yield reduction on these foy) ° 
150 Sen, sites are about 14 tons per acre for every 10 full eysts of 
130+ -2 te, ‘> per 100 gm. and a little more than 1 ton per acre fo, '™ 
a — every 20 eggs gm. Although efforts were made to it 
‘, “ pick uniform sites, estimates of loss of yield due tg) %°! 
120 f . eelworm will be to some extent biased, if there ay) "° 
110 mir 415 unknown soil factors which vary within these fielq) ™ 
100 ae a ae and have an effect on yield and on eelworm populat 55 
= a en ; 2 tion. These preliminary trials need to be repeated jy} liq 
= " Eig 3 different seasons on the same and on different soi) 
—~ irae . ie: 10 = In advisory work it has been necessary to deci¢) '™ 
= 70} = on a ‘critical value’ for eelworm population aboyw, 
- 60 ’ which advice has been given that a satisfactory yiek lin 
- of potatoes is unlikely. For examp!e. Johnson an) &* 
Thompson’ gave a figure for Yorkshire of 50 cyst 
410 ~ 5 with contents per 100 gm. However. damage is af of 
0 7 ne, continuous process commencing at low levels of eel Th 
20 | = worm and approaching a maximum when visibk kai 
10 symptoms appear in the crop. (It is uncertain what! (2! 
a ea eer ae eh ted happens at very low levels at which there might be n illi 
0 10 30) 00 70 90 110) «130-150 effect or even a slight stimulation to growth*-*.) Onalj) S& 
Eggs/gm. sites except D. where some patchiness occurred, no} yy) 
Fig. 1. The regressions of yield on eggs/gm. (The F-line should obvious symptoms of eelworm attack were seen 
continue to 456 eggs/am.) ° 
throughout the growing season. Also, what con. 
: = stitutes an acceptable potato yield will depend on 
Regression analyses were computed of yield on how much the crop has cost to grow. and on the crop. 
full’ cysts per 100 gm. (square root transformation) ping potential of the field, and the ‘critical value’ will 
and also on eggs per gm. (log transformation). A full therefore vary accordingly. This is portrayed in 
eyst is defined as one containing more than 50 eggs. Fig. 1 where the lines although nearly parallel are 
widely separated. It therefore seems more logical to 
fable 1. REGRESSION COEFFICIENTS express losses due to eelworm in terms of x tons per 
acre for every y eelworms per z gm. of soil before plant. } 
site V Full eysts; 100 gm Log eggs/gm. ing. p is 
i 9-08 744 26-40 + 6-70t I wish to thank F. G. W. Jones and B. M. Chureh,p  ™ 
B 10-34 + 2-15} 49-40 + 11-203 of Rothamsted Experimental Station, for their) “© 
D R44 + y 3. os _ 408 helpful advice on the presentation of these results.— =P" 
E + 216 + 2-05 + 527 + 9-30 E. B. Brown eke 
¥ sangiatiglons Aeotesieiags National Agricultural Advisory Service. eli 
(Block °C’), re] 
* Significant at P = 0-05. Brooklands Ave.. de 
+ Significant at P 0-01, . ° 
t Significant at P = 0-001. Cambridge. 
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\t sites FE and F, on adjoining farms and extremely meg L. R., and Thompeon, H. W., Agriculture, EB, 206 (1905 f 
. Jones, F. G. W.. Nematologica, 2, 257 (1957). 0 
acid peat soils, yield appeared to be independent of Lownsbery, B. F., and Peters, B. G., Phytopathol., 45, 163 (1955). we 
eelworm population and no explanation can be — « poters. B. G.. Rep. Rothamsted Exp. Sta., 1954. 96 (1955). sti 
advanced at the moment. th 
The eelworm population estimates were trans- a 
formed because the error increases with the size of SOIL SCIENCE , 
the count. For ease of interpretation and because it . i. 
seemed that yield and initial eelworm population were Role of interparticle Forces in Development ti 
linearly related over the range studied, regression of Upper Plastic Limit of Clays sti 
coefficients for sites A~D were also calculated from 
untransformed data. The regressions of yield on Tae standard laboratory test method in soil r 
eggs per gm. are shown in Fig. 1 and the results for full '4echanics for determination of the liquid limit of 9 
evsts and eggs summarized in Table 2. The range of clays (upper plastic limit) depends on the facility ™ 
full eyst counts was approximately 0-55 per 100 gm. of movement of particles relative to one ancien fi = 
for each of the sites A—D. under conditions created by the test procedure. An . 
interpretation of the upper plastic limit of clays has oa 
Table 2 recently been suggested! in terms of distance between | 
particles or structural units of particles wherein Ta 
Full evsts/100 gm Eovs/am forces of interaction become sufficiently weak to 
a ack foun allow slipping to occur, 
Regression 10 full evsts/| Regression Yield loss Since the standard liquid limit test requires the 
coefficients Piva. am. coefficients 20 eges/em. samples to be remoulded in the performance of the } 
aie pera test itself, initial structure or orientation of particles 
4 : Sees 44 . = “oe in the undisturbed or natural state is not of prime 
( 0-64 + 0-25 0-80 0-20 + 0-10 importance. The degree of particle interaction arising 
D 1-59 + 0-26 221 0-57 + 0-10 from interparticle forces of attraction and repulsion | 
Means 1-48 1-14 will determine to a large extent the facility for move- 


ment of particles. The distance between particles or 
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structural units of particles following the remoulding 
of soil sample for test may be better characterized 
in terms of degree of particle interaction arising from 
influence of interparticle forces. In many natural 
soils, where the presence of interparticle forces may 
not be felt except within very close limits, particle 
interaction dependent on effective specific surface 
area may be the criterion for establishment of the 
liquid limit. In tests on selected clay soils using 
distilled water and ethylene glycol (C,H,(OH),), the 
influence of interparticle forces and effective specific 
surface area on the moisture content at the liquid 
limit is demonstrated. Correction for the specific 
gravity of ethylene glycol was made in the calculation 
of moisture content expressed in terms of the ratio 
of weight of fluid to the oven-dry weight of solids. 
The clay soils selected for test were natural bentonite, 
kaolinite, fire clay (primarily illite) and ball clay 
approximately 75 ver cent kaolinite with remainder 
illite, montmorillonite, feldspar and quartz). Table 1 
summarizes the results of the tests. 


fable 1. Ligvuip LIMIT OF SELECTED CLAY SOILS WITH DISTILLED 
VATER AND ETHYLENE GLYCOL 
Moisture content at liquid limit (per cent) 
Soil type 


Distilled water Ethylene glycol 


Natural bentonite 437-0 114-6 
Kaolin 70-2 97-4 
Ball clay 62-6 105-3 
Fire clay 39-0 2-7 


As would be predicted, the liquid limit of bentonite 
is reduced considerably when ethylene glycol is used 
in place of water. This is in accordance with the 
concept of interaction volume, and with results 
presented by previous investigators on the influence of 
electrolyte concentration on liquid limit?*. The 
elimination or reduction of interparticle forces of 
repulsion reduces the interaction volume and thereby 
decreases the liquid limit. 

The results for kaolin and ball clay show an 
increase in the liquid limit with the use of ethylene 
glyeol in place of water. This would suggest that the 
resultant structure or orientation of the particles is 
of a dispersed nature. Although remoulding in water 
would tend to cause the soil to have a dispersed 
structure, the slightly acidic nature of the soil and 
the edge associated with kaolinite would 
cause the particles to reassume an edge-to-face part - 
icle arrangement. The resultant interaction volume, 
in a situation where edge-to-surface particle orienta- 
tion exists, is small compared with that of a dispersed 
structure. For purposes of consideration in terms of 
a mechanism, it may be expedient to visualize 
slipping of particles or flocs of particles at the critical 
liquid limit point being dependent upon the external 
surface area. In this instance, in the absence of inter- 
particle of any significant magnitude, the 
dominant factor is the external specific surface area 


charges 


forces 


Table 1. TYPICAL WEEKLY MEAN VALUES OF RECORDED SOIL TEMPERATURES AT 5, 
IN AN EXPOSED SOIL 
Under grass 
9 a.m. 5 p.m. 
Week — - 
5 em, 10cm. 20¢cm. 5em 10 em. 
1/6— 4/6 O-5 98 9-5 10-9 10-1 
7/6-11/6 11-2 11-6 11-2 13-4 12-0 
11/7-16/7 13:1 13°6 4-0 15-8 14-4 
8/8-13/8 12-2 12:8 3-3 13-9 13-5 
5/9-10/9 10-5 11-0 11°5 11-0 11-2 
26/9- 1/10 3:3 8-6 8-8 9-2 9-0 
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which would require a sufficient coating of fluid onl) 
for lubrication purposes. Particle interaction would 
be in terms of facility of movement of particles 
relative to one another. 

The absence of strong interparticle forces in the 
fire clay accounts for the very slight increase in liquid 
limit in the substitution of glycol for water. The 
initial structure of the clay soil mixed with water is 
dispersed, and subsequent replacement of water by 
glycol vields the same structure or orientation of 
particles. 

Complete data and test results on other properties 
of the soils described will be published elsewhere. 


RAYMOND YONG 

E. T. SELIG 
Armour Research Foundation 

of Illinois Institute of Technology, 

Chicago, Illinois. 

’ Warkentin, B. P., Nature, 190, 287 (1961). 

2 Mielenz, R. C., and King, M. E., Proc. First Nat. Conf. Clays end 
Clay Tech., California Bureau of Mines, Bull, 169, 218 (1955). 

3 Warkentin, B. P., et al., Proc. Soil Sci. Soc. Amer.,21, 495 (1957). 


Soil Temperatures in Iceland 


INFORMATION on soil temperatures in Iceland is 
scant except for interrupted and now discontinued 
observations made by the Meteorological Bureau of 
Iceland at two and earlier three different locations 
in the country!. These observations had mostly been 
restricted to the 1- and 2-m. depths. 

A study of the influence of soil temperature on 
the soil-plant relationships has therefore been under- 
taken, especially with the more effective ure of 
fertilizers in mind. 

Preliminary measurements at three agriculturally 
important depths, namely, 5, 10 and 20 em. under 
permanent grass and in an exposed soil. were carried 
out at the experimental ground of this Institute 
during the summer 1960. The soil at the particular site 
was a coarse sandy loam with 10-15 per cent loss on 
ignition. 

All measurements were carried out with 
nently installed mercury-in-glass soil thermometers 
with a collar of non-hardening roof-compound around 
the soil-air joints to exclude so far as possible free air 
temperature gradients caused by the shrinking of soil 
around the inserted parts of the thermometers. 
Readings had to be restricted to the normal] working 
hours of each day and were made at 9 a.m. and 5 p.m.. 
local summer time (= G.M.T.), thus usually giving six 
and five in the afternoon 


perma - 


morning observations 
of each week. 

Table | shows a few typical weekly mean values of 
the soil temperatures thus obtained. 

The highest soil temperatures noted under the 
grass cover during the above period occurred in mid- 
July as follows: at 9 a.m., 13-6, 14-0 and 14:0° C 


10 AND 20 CM. DEPTHS UNDER PERMANENT GRASS AND 


AT VARMA, ICELAND 
| 
Exposed soil 
9 a.m. 5 p.m. 

20 em. 5 em. 10cm, 290 ¢m. 5em. 10¢m. 20cm. 
o-4 9-8 9-0 91 13-1 11-9 9-2 
11-3 10-4 10-2 10°6 14-8 13°5 10-9 
14-0 12-6 12°5 13-1 20°9 17-1 14:1 
13-4 11-9 11-7 12-9 19-9 16°9 13-7 
11-4 9-0 9-6 10-6 11-7 11-1 10°7 
8-8 73 738 8-1 9-7 91 87 
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respectively at the 5, 10 and 20 em. depths, while 
corresponding values at 5 p.m. were 16-8, 14-8 and 
14-1° C., respectively. In the bare soil the highest 
temperatures observed at 9 a.m. were 14-2, 14-0 and 
15-0° C. at the above depths, while corresponding 
values at 5 p.m. were 22-6, 19-0 and 15-5° C., respec 
tively. It should be mentioned that the highest 
temperatures noted at cach depth do not 
necessarily coincide, but may occur at different dates. 

The highest air temperatures observed at these two 


soil 


hours of observations were 15-8 and 19-2° C., 
respectively. 
Ground frost as recorded 5 em. above ground 


occurred only twice over the bare soil, but 8 times 
above the grass during the period of observations. 


The lowest grass-minumum temperatures recorded 
were in June —1-1° C., in July —0-2° C., in August 
|-3° C. and m September — 2-2° C. 
This limited material does not allow for much 


ciscussion, but it gives some valuable indications for 
future work on the of soil formation in 
Iceland. It also provides additional paths for studies 
of ecological differences in the country’s natural 
vegetation, but fuller information is needed before 
definite conclusions can be reached. Therefore further 


work is in progress, 


processes 


BsARNI HELGASON 
Department of Agriculture, 
University Research Institute, 
Reykjavik, Iceland. 
(Bull. Meteorol. Bur. Iceland), 1-22; 25 (1924-45: 


' Vedrattar 1948) 


PSYCHOLOGY 


Perceptual Defence and Filter Theory 
Ir has been suggested by Broadbent! that his 
general theory of selective processes in the human 
nervous system could give an account of the phen- 
omenon of perceptual defence. His theory assumes 
that information entering the central nervous system 
ean be thought of as arriving along certain ‘channels’ 
and that a ‘filter’ can select one (or occasionally more) 
channels and suppress the input along others. He 
has said: “It is economical for a series of stimuli to 
analysed first for simple physical properties 
conveying little information . . . (if) classes of words 
may behave in the same way as sensory channels 
do . the filter might detect that a word belongs to 
the general of sexual without distin- 
guishing which of those words it is and pass the word 
to the later perceptual mechanisms for more detailed 

analysis if the filter is set to pass sexual words. 
The main factual point at which evidence seems to 
be needed is the question whether a class of words 

an act in the same way as a sensory channel”’. 
On this last point one may comment that a class 
of words, where class is defined by meaning only, has 


be 


class words 


no ph vsical characteristics common to all its members. 
Hence if the filter works on physical characteristics, 
as stated above, it would not be able to select such a 
class without selecting the individual members in it, 
which Broadbent was trving to avoid. 

lo accept loads to the followinz 
prediction. The threshold for detecting what class a 
word belongs to should be lower than that for iden- 
tifying individual members of that class. The present 
communication presents an experiment to test this. 

Two lists of monosyllabic words were prepared on 
ic tape, seven words in each list. These were 


his suggestion 


magnet 
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Fig. 2 


played to subjects at different signal-to-noise ratios 
Two groups of undergraduates were used as subjects 
Group A (n= 14) were presented with a list of colow 









i 


names, and asked to make a forced choice at each! 


signal-to-noise level as to whether the class of words 
was colours or animals. They were also given th 
second list and asked to identify the individual words 
on it, without being told anything about the context 
The list was actually the names of clothes. This 
design biases the experiment in favour of the predic 
tion, due to the effect of context on threshold 
Group B used the lists the other way round (clothes 
for class, and colours for individual, recognition 
The results are shown in Figs. 1 and 2. 

For both lists the point at which the class recog. 
nition curs the 5 per cent level of 
confidence (by the binomial test’) is also the point 
at which the first words are recognized correetly 
Since contextual help was given for the class-recog- 
nition thresholds but not for the individual word 
recognition thresholds, the curve for the latter is, if 
anything, displaced farther than it should be to the 
right. This finding agreed with the subjects 
introspections. 

Thus the prediction from Broadbent’s theory is not 
fulfilled. and we must conclude that classes of words 


above 


rises 


cannot function like a sensory channel, at least m | 


this type of situation. 
NEVILLE Moray 
Department of Psychology, 
University of Sheffield. 
2 Broadbent, D., Perception and Communication (Pergamon Press, 
London, 1958). 
Bruce, D., Language and Speech, 1, 79 (1958). 


> Seigel, S., Nonparametric Statistics (McGiaw-Hill, New York, 1956 
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| FORTHCOMING EVENTS 


Wednesday, August 30—Wednesday, September 6 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at 
Norwich)—123rd Annual Meeting. 
Wednesday, August 30 

At 8 p.m.—Sir Wilfrid Le Gros Clark, F.R.S.: 
of Man” (Presidential Address). 
Thursday, August 31 

At 10 a.m.—Prof. D. J. E. Ingram: ‘From Radar to Spectro- 
scopy—New Regions of the Spectrum” (Kelvin Lecture). 

At 10a.m.—Prof. R.G. W. Norrish, F.R.S.: ‘‘Chemistry and Spectro- 
scopy” (Presidential Address, Section B). 

At 10 a.m.—Prof. C. M. Yonge, F.R.S.: “Life and Environment 
on the Bed of the Sea” (Presidential Address, Section 

At 10 a.m.—Sir Gordon Radley: “World Communications’ 

gy Peeettenties Address, Section G). 
pf At 10 a.m.—Dr. H. E. Holttum: “Plant Taxonomy as a Scientific 
| piscipline” (Presidential Address, Section K, K *). 

At 10 a.m.—Sir William Slater, F.R.S.: ‘The Revolution in 
\griculture”’ (Presidential Address, Section M). 

At 11.15 a.m.—Dr. L. Chalk: “Wood Anatomy” (Chairman’s 
address, Section K *). 

At 11.30 a.m.—Prof. Max Gluckman: 
(Presidential Address, Section N). 


8 “The Humanity 
n” 


' 


“African Jurisprudence” 


' 
| At 8 p.m.—Prof. C. D. Darlington, F.R.S.: “‘Why People are 
Different” (Eidophor programme). 
Friday, September | 
At 10 a.m.—Dr. R. Stoneley, F.R.S.: “‘The Interior of the Earth’”’ 
(Presidential Address, Section A). 
At 10 a.m.—Prof. K. C. Dunham, F.R.S.: "Black Shale, Oil, and 
Sulphide Ore” (Presidential Address, Section C). 
At 10 a.m.—Prof. 8S. H. Beaver: “Technology and Geography” 
Presidential Address, Section E). 
At 10 a.m.—Prof. Sir Bryan Matthews, F.R.S.: “Senses and the 
Sciences” (Presidential Address, Section I). 
y At 10 a.m.—Dr. B. E. Lawrence: “‘Education in Uganda” (Presi- 
dential Address, Section L). 
At 11.15 a.m.—The Earl of Cranbrook: “Science and Social Ser- 
vice” (Presidential Address, Section X). 
At 11.30 a.m.—Prof. George Seth: ‘From Galton to Crowther’’ 
; Presidential Address, Section J). 
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At 8 p.m.—Field Marshal Viscount Alanbrooke: “Some Birds of 
Spain” (Evening Discourse). 
Saturday, September 2 

At 8 p.m.—Prof. 8. Tolansky, F.R.S.: 
Eidophor programme). 
Sunday, September 3 
a.m.—Service in Norwich Cathedral. Preacher: The Lord 
Bishop of Norwich, the Right Reverend Dr. Launcelot Fleming. 


Monday, September 4 

At 10 a.m.—Prof. C. F. Carter: 
Presidential Address, Section F). 

At 10 a.m.—Dr. K. P. Oakley: “‘Dating Man’s Emergence” (Presi- 
dential Address, Section H). 

At 11.30 a.m.—Dr. Richard G. Lipsey: ‘“‘Can there be a Valid 
Theory of Wages?—A Study of Fact and Fiction in Economics” 
(Lister Lecture). 

At 2.30 p.m.—Dr. Judith Milledge: ‘“‘Form and Colour in Nature’’ 
(Darwin Lecture). 

At 8 p.m.—Dr. B. V. 
Evening Discourse). 
Tuesday, September 5 

At 8 p.m.—Mr. Kenneth Adams: “Seeing in the Round” (Eidophor 
programme). 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: 

RESEARCH CHEMIST or BIOCHEMIST (graduate or postdoctoral), to 
pursue studies in the chemical dynamics of bones and teeth—Dr. 
3. A. Leach, Turner Dental School, The University, Manchester 13 
(September 1). 

_ RESEARCH ASSISTANTS (2) IN THEORETICAL Puysics at St. 
Salvator’s College, for D.S.I.R. financed posts in support of research 
on difference equations, asymptotic expansions and perturbation 
theory, and on associated problems in theoretical solid state physics 
—particularly metals and semiconducitors—The Secretary of the 
University, College Gate, St. Andrews (September 2). 

. SENIOR LIBRARY ASSISTANTS (2) (graduates with library experience), 
for duties in the Cataloguing Department—The Librarian, The Main 
Library, The University, Edgbaston, Birmingham 15 (September 8). 
_ ASSISTANT (graduate in botany or agriculture, or equivalent quali- 
feations) TO THE MycoLoaisT, for work involving testing the sus- 
ceptibility to disease of crop varieties, present work is mainly concerned 
with the cereals—The Secretary, National Institute of Agricultural 
Botany, Huntingdon Road, Cambridge (September 15). 


“Seeing the Very Small’’ 


“The Economic Use of Brains’ 


Bowden: “The Impact of Automation’’ 
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LECTURER (graduate in medicine, science or veterinary science 
preferably with a master’s degree and research experience) IN PHYSIO- 
LOGY at the University of Queensland, Australia—The Secretary, 
Association of Universities of the British Commonwealth, Marlborough 
House, Pall Mall, London, 8.W.1 (September 15). 

SENIOR LECTURERS (2) IN CHEMISTRY at the University of Nigeria, 
Nsukka—The London Representative, University of Nigeria, 33 
Craven Terrace, London, W.2 (September 15). 

CHEMICAL ENGINEER, PHYSICAL CHEMIST or PHYSICIST (honours 
graduate with at least two years research experience) IN THE 
UNIT OPERATIONS GROUP, Chemical Engineering Section, C.S.I.R 
Melbourne, to be engaged on either of the following projects: (a) a 
study of the dynamic characteristics and controllability of closed 
circuit grinding, and other solid-handling processes, using modern 
techniques including frequency response; or (6) investigations within 
the general field of water desalination—Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, Africa House, Kingsway, London, 
W.C.2, quoting Appointment No. 608/14 (September 16). 

SENIOR RESEARCH ASSISTANTS (2) (preferably with qualifications 
in medicine, psychology or sociology), for a research project on the 
prescribing of drugs by doctors and the distribution of products by 
drug houses—The Registrar, The University, Liverpool, quoting 
Ref. CV/TES (September 16). 

SENIOR RESEARCH FELLOW or RESEARCH FELLOW (with a Ph.D. 
degree in organic chemistry, with additional experience in general 
synthetic organic chemistry) IN THE BIOLOGICAL INORGANIC CHEM- 
ISTRY UNIT, John Curtin School of Medical Research, Institute of 
Advanced Studies, Australian National University, to work on the 
synthesis of multidentate organic ligands, as part of the programme 
of the Unit on the effects and utilization of metal complexes in bio- 
logical systems—The Secretary, Association of Universities of the 
British Commonwealth, Marlborough House, Pall Mall, London, 8.W.1 
(September 18). 

CHAIR OF SOCIOLOGY in the University of Ghana—The Assistant 
Registrar (London), University of Ghana, 15 Gordon Square, London, 
W.C.1 (September 25). 

CHAIR OF PHILOSOPHY in the University of Ghana—The Assistant 
Registrar (London), University of Ghana, 15 Gordon Square, London, 
W.C.1 (September 25). 

LECTURER IN SOLID STATE PuHysiIcs in the School of General 
Studies, Australian National University—The Secretary, Association 
of Universities of the British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall, London, 8.W.1 (Australia and London, 
September 29). 

CHAIR OF VETERINARY SCIENCE in the University of Melbourne, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia and London, September 30). 

EXPERIMENTAL OFFICER or SENIOR EXPERIMENTAL OFFICER 
(preferably with a degree or diploma in physics or electrical engineering ; 
previous experience of high voltage engineering, electronics and 
nuclear physics would be an advantage), to take charge of maintenance 
and operation of a 6-MeV. electrostatic generator—The Registrar, 
The University, Manchester 13 (September 30). 

LECTURER or ASSISTANT LECTURER (with an honours degree in 
psychology and preferably research interests in experimental or 
social psychology) IN PSYCHOLOGY at the University of Canterbury, 
New Zealand—tThe Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (New Zealand 
and London, September 30). 

PROFESSOR OF ANIMAL HUSBANDRY at the University of Queens- 
land, Australia—The Secretary, Association of Universities of the 
British Commonwealth (London Branch), Marlborough House, Pall 
Mall, London, 8.W.1 (Australia and London, September 30). 

PROFESSOR OF MICROBIOLOGY at the University of Queensland, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1 (Australia and London, September 30). 

LECTURER IN PHILOSOPHY at the University of Sydney, Australia 
—The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, October 6). 

LECTURER IN PHYSIOLOGY at the University of Western Australia 
—The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, October 7). 

LECTURER (with a degree in science or agricultural science, with 
experience in research and teaching in plant pathology) IN BOTANY 
at the University of Melbourne, Australia—The Secretary, Association 
of Universities of the British Commonwealth, Marlborough House, 
Pall Mall, London, 8.W.1 (October 31). 

CHAIR OF PSYCHIATRY in the University of Melbourne, Australia 
—The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(November 1). 

ASSISTANT DIRECTOR (with a good knowledge of helminthology in 
its application to agriculture) of the Commonwealth Bureau of Helm- 
inthology, St. Albans, for duties which include abstracting, editorial 
work and general administration—The Secretary, Commonwealth 
Agricultural Bureaux, Farnham House, Farnham Royal, Bucks 
(November 15). 

BIOCHEMIST (science graduate), to carry out biochemical tests in 
the area laboratory—The Group Pathologist, Group Laboratory, 
c/o St. Thomas’s Hospital, Hydestile, Godalming, Surrey). 

DIRECTOR (scientist with experience of research in fibre technology) 
OF THE JUTE RESEARCH INSTITUTE, Dacca, Pakistan, for duties 
including advice to the Government of Pakistan on research on jute 
and other fibres; initiating and conducting research, and lecturing— 
The Department of Technical Co-operation, Almack House, King 
Street, London, 8.W.1, quoting PAK/163. 

POSTDOCTORAL RESEARCH FELLOW (preferably with experience in 
the use of gas chromatography and/or mass spectrometry), for research 
in the gas phase reactors of methylene—Dr. H. M. Frey, Chemistry 
Department, The University, Southampton. 

POSTGRADUATE RESEARCH ASSISTANTS (with a degree in biochem- 
istry, chemistry, physiology, physics or zoology) IN THE DEPARTMENT 
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os PHYSIOLOGY AND BilocHeMIsTRY—The Secretary and Registrar. 
rhe University, Southampton. 

RESEARCH ASSISTANT (with a good degree in zoology, and with an 
interest in the physical and chemical properties of animal tissues) 
IN THE DEPARTMENT OF BIOMOLECULAR STRUCTURE, for the study of 
molecular structure of biological systems—The Registrar, The 


University, Leeds 2. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No. 7: Results of Potato Variety Trials. Pp. 13. Leaflet No. 24: 
Liver Fluke Disease. Pp. 4. Leaflet No. 35: The Feeding of Bacon 
Pigs. Pp. 8 Leaflet No. 37: Turkey Production. Pp. 13. Leaflet 
No. 48: Beef Production. Pp. 7. Leaflet No. 49: The Cultivation 


of Gooseberries. Pp. 10. Leaflet No. 57: Have Eggs of First Quality. 
Pp. 7+4 plates. Leaflet No. 64: Warble Flies of Cattle. Pp. 4 
Leaflet No. 68: The Cultivation of Strawberries. Pp. 12. Leaflet 
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